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INTRODUCTION AND SUMMARY*) 
SQUIRREL is a few group one-dimensional lifetime program written in 
FORTRAN IV for the IBM-360/65. 
Let us begin with a brief account of the main physical features of the 
program: 
- the diffusion equations are solved by the three point finite difference 
method, that is the point fluxes are oaloulatad numerically only in a fin-
ite number of mesh points properly arranged on the segment that represents 
the reactor. The space included between a.ny two consecutive points, that we 
shall call a "mesh interval", can be assigned an arbitrary length provided 
the interfaces between different material regions at the beginning of the 
lifetime lie on mesh points. 
- Slab, cylindrical and spherical geometry problems can be dealt with 
- the burnup calculations are carried out by mesh interval, that is the num-
ber densities of the burnable isotopes are calculated by means of average 
group fluxes at each mesh interval; 
- six types of criticality searches can be carried out, namely straight k-eff 
calculation, diluted poison search, rodded poison absorption cross-section 
search, rodded poison boundary search, water dependent poison search, buck! 
ing search; 
- a few input data, namely the bucklings, the control data, the microscopic 
data, the self-shielding data can be read at each time-step; 
- at each time-step a fuel shuffling may be carried out. hlso fresh fuel can 
be fed into the reactor; 
- the effect of the local power on the U238 absorption cross-section 
in the resonance group is accounted for. This effect will be referred to as 
"Doppler effect"; 
- also the effect of the water density on the same oross-~ection is 
accounted for. This effect will be named briefly "water effect"; 
- moreover the effect of the water density on its own removal cross-section 
in the resonance group is included; 
- finally the program calculates the water number density at each mesh-inter-
val as a function of the local power through the enthalpy. This interaction 
power-water density will be named "enthalpy effect 11 • 
It is easy to realize that, after the first time-step has elapsed, each 
mesh interval has a different composition. Nevertheless more mesh-intervals 
may be arranged into the same region. A region is defined as a collection of 
one or more mesh-intervals, even disjoint, which have the same initial compo-
sition, the same self-shielding data and the same data tor calculating the 
*) Manuscript received on 8 April 1970 
-6-
Doppler and water effects. The idea of region is introduced especially for in-
put purposes in order to make easier the specification of the input data but 
it may be even p~sically meaningful, with reference to the initial regions, 
since the program oalonla~es and prints integrated quantities and flux weight-
ed macroscopic oroH-.iections showing up in this ~ the total effect of' the 
burn-up at e&ch region. 
Moreover it is useful to define what is meant e.xa.ctly as "time step". A 
time step begins with the calculation of the new number densities (burnup cal-
culation) and ends with the calculation and the normalization of the group 
fluxes (diffusion calculation). Exception is made for the time-step o, where 
the burn-up calculation is replaced by the mere specification of the input n~ 
ber densities. 
If required, the reading of new input data. and the shuffling at any time-
step are carried out after the relevant burn-up calculation and before the dif-
fusion calculation (see fig. 1). 
-.... ~-~re, feT.4.1:-,~ e.c. /N.O  ])C B.C. IN.D. l)C -- B.C. N D. l)C --
1 SH. / · · SH . 5H. • · I I ...... / I ,_/ I I ,_/ I 
I I I I J r.-----,---------t--. ------ ,---t--. -------, 
1time ,step O I hrne .s~er i I t,me .s~p2 1 1 time >te.r R 1 
B.C. = burnup calculation 
N.D. = new (input) data 
SH. = shuffling 
D.C. = diffusion calculation 
Fig. 1 
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I - THE DIFFUSION BQUATIOJS 
I.1 - Statement of the problem 
At any time-step, the group diffusion differential equations,solved 
by the program, are ( the time step index having been dropped): 




G L vZ~. (x) cpj (x) + ~-i (x) cpi-; (x) 
j=1 
i • 1, 2 •• oG 
The peysical meaning of these symbols is: 
x represents the spatial variable, either x (in slab geomet17) or r 
(in cylindrical or spherical geomet17) 
i • group index O • number of groups 
i~(x) "'0 
~, 
~ = zi + ~ + DiBi a 
zi i ti ~ Ct1 ~ = ~t" zd + + p a. p r rp Vi Vil) 
1i • the macroscopic absorption cross-section 
a 
~ • the macroscopic removal cross-section 
Bi• B~ + B
0 
• the transverse square buckling 




• the macroscopic absorption cross section of a diluted poison (dp) 
d • traction of I:dp acting in the group i 
• dilution factoro It may be either an eigenvalue of the problem or 
an input datum 
• the macroscopic cross-section of a rodded poison (rp). It may be 
a problem eige1IValue or a given datum 
- 8 -
ti • fraction of Z in the group i 
r rp 
wp • the macroscopic cross-section of a water-dependent poison (wp) 
ti • fraction of Z in group i 
w wp 
C = "dilution factor" (broadl7 speaking) of the water dependent poison·. 
Also C may be either an eigenvalue oraninput datum 
• the fixed square buckling {group and space dependent) 
• the control square buckling {onl7 space dependent). It may be 
either an eigenvalue or an input datum 
• the macroscopic cross-section for fission neutron production 
• the neutron flux 
• the fission spectrum,integral over the group i 
• multiplication factoro It is the eigenvalue of the problem when a 
straight diffusion calculation is carried out. Otherwise 7'. is a 
given parameter and the eigenvalue of the problem is either ~ or 
C or B or Z or the rodded poison bounda1"7 (this last does 
C rp 
not appear algebraically in eqs.(1.1), but it is contained in the 
functional form of Z (x) ) • 
rp 
Any- equation of the ~ystem (1o1) must be solved in each point inte-
rior to the segment LO,L J which represents the reactor. 
The functions ~i(x) fulfi\l bounda1"7 conditions of the type: 
[ ,/(v)q,1(u) - C(o)i(o) = o 
TJ.1 ( L) q? ( L ) + l;1 ( L) ~1 ( L) = 0 (1.2) 
Moreover the functions 
in arq point of the segment 
mi(T) and »1{~) ~1{T) t b ti 
'I' .... ... 'I' .... are o e con nuous 
L o,t J • 
I.2 - Finite difference equations 
Let us divide the segment L 0,1 ] into a finite number of mesh intervals 
the lengths of which are not necessarily the same. 
e e I 9 t O a • 0 o • • o e 
Figo 2 
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Let us suppose the coefficients in Bqs.(1.1) be constant in each mesh-
interval. (It is unde;rstood they can varr from an interval to another). 
If we integrate the lqs. ( 1.1) from xn - lsx..L/2 to xn + !sx..R/2 
(except for the boundary where the integration is carried out over only one 
halt interval and the conditions (1.2) are used), we obtains 
. G 
. . . . . . lL .. 1 1 l 1 1 1 
-a eo__ + a en_ - a . co._ == "- a J m~ + L Tn-1 c ~ R Tn+1 - F ~ 
(1.3) 
A . 
J ==1 i =1,2 • • • • G 
where: 
n • mesh point index (dropped in writing the coefficients) 
ai = Dt (xn - !sx..L/2)P 
/sx..L 
. Di 
aRl = _lL (x + &;._/2)P 
n h 
tixR 
( v~ k ( ~+ lsx..R/2 )P+1-xR+1 
p+1 
• 0 in slab geometry ( 
• 1 in cylindrical geometry p I l 
- 2 in spherical geometry 
~ • width of the mesh-interval 
tixR • width of the mesh-interval 
+ 
p+1 




to the left of the point n 




!.l'he subscript L refers to the left side of the mesh point n, wher.!. 
as the subscript R refers to the right side. 
i It in ( 1.2) l; (0) • o, a zero flux oondi tion is applied at the boun-
dary point 1 (the mesh points are numbered from 1 to I). In this case no 
difference equation is required tor the mesh point 1. 
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It !(o), O, t~e coetfioients in the equation (1.3), as applied to 
the mesh point 1, are. as followsa 
i = 0 aL 
+ (1.6) 
p+1 
. ( . \ ( Ax.-/2)p+i a! = . ~)R --H 
p+1 
If [CL)• o, no equation is required. at the mesh point N (last mesh 
point). 
It €CL) f o, the equation (1o3) is still holding for the mesh point 
N provided the coefficients be calculated as followsi 
at = Dt (xN-~/2) 
&R 
i 0 aR = 
i . ( . .1 p+1 ( /lX. / 2 )P+1 ,/(L) ac = a 1 + ~ + i 1 XN - xN- L + xp L p --
~i(L) (1.7) ]?+1 N 
i ( i 1 Xfu+1 (A - b,x ; 2 )P+1 
aF = vi · - N L f 
p+1 
(~1 p+1 -(xN- rucL/2)P+1 i ~ as = 
p+1 
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I.3 - Solution of the system (1.3) with a known source term 




1Jrn = \' j i + i-1 i-1 ) ap 'Pn a6 ~ 
<---1 
j=1 
is a known vector. The Eqs. (1.3) can be written in the forms 
(1.8) 
For each value of the group index i, (1.8) is a system ot N linear 
equations in the N unknowns c.y k, with a tridiagonal and symmetric coef-
ficient matrix. 
It can be shown (e.g. by mathematical induction) that the recursive 
formulae: 
i il + ai i ~ = n L C\i-j i i i 
ac - aL%-1 
~ i = aR i i i 
E.c 
-aL%-1 
reduce the tridiagonal matrix system (1.8) to a bidiagonal matrix system 
of the form: 
i i i i 
'Pn - % 'Pn+1 = % 
The backward process for calculating the unknown fluxes is therefore: 
i i + i i 
'Pn = % r-n <lh+1 
As for _the starting values of the forward calculation (1.9) and of 
the backward ~~bstitution (1.10), the following rules are applied: 
a} If ~i(O} • O (zero flux condition), it is: 
whence: 
~i (0) I o, the difference equation in the mesh point 1 iss 
i i i 
- aR <p2 =1jr1 
(1.10) 
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i l i i + aR 
'P-i = __..:1 ~ whence, i i 
ac ~c 
i ,i [3~ 
i 
--!.i a.,, a1 = = r, 




The starting values (1.11) can be obtained from the general recursive 




[3i = 0 
0 
c) If ((1) • 0 (zero flux condition), the starting value tor the backward 
substitution (1.10) is: 
i 
'PN" = 0 
d) If {(L), o, the difference equation in the mesh point N isa 
i i i( i i i) ,i 
ac ci:t:r - aL ~-1 + ~-1 'PN" = 'l'N 
i (j)_N = 
i 
~- = 
,i + ai i 
1fN L~-1 
i i i 
a - a- A.T C .u 1"'1\l-1 
i i 
that is <1.N and ~N 
bears in mind that 
whence 
are calculated by the general formula (1.9) if one 
ai,\
1 
• O. In the backward substitution: 
i i 
~ = ~ 
and again the general formula (1.9) can be used by settings 
i 
C?N-+1 = 0 
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Briefly, t~e procedure for solving the one-dimensional equation (1.1) 
with a known neutron source, can be divided into three stepsa 
) ai ~ i i i i Calculation of the coefficients L' R' a 0 , aF' a8, by' the formulae (1.4), (1.6),(1.7). 
ii) Forward calculation by the general recursion formulae (1.9) after settings 
i !3J. 0 and a = = 
9 9 l. 
/3~ 0 l i(O) a1 = = if' • 0 




i 0 <IN = 
- 14 -
II - CRITICALITY SEA.ROBBS 
The diffusion equations (1.1) can be solved in six different wqa 
depending on what parameter is considered as the eigenvalue of' the,system 
(1.1). 
a} Straight Kerr calculation 
This is the calculation of' the A greatest in modulus in Eqs. (1.3) 
by an extrapolated power method. The system (1.3) can be written in matrix 
form: i . 
, ii_ X ,I, + Ri- 1 i-1 
A .J.I) - -::;:- .1 cp 
G i • 1, 2 ••• G (2.1) 
1jr = \., Fj cpj 
i /_ J=1 i i 
where A. is a NxN tridiagonal symmetric matrix and R , F are NxN dia 
gonal matrices whose entries are respectively the coefficients a~ and a.J. 
The iterative procedure for solving the eigenvalue problem (2.1) can 
be written in the form: 
"i . 
A .Pt t) = i-1 i-1 + R <f_(t) 
* !(t) = 
1jf = ( t) I* + [1 (t) J I 
-(t) w \jf( t) - w !( t-1) 
l=i,2, ••• G >l (n)r t='l ,2 ••• 




'\' (n) (n) 
/ . V ( t ) 1V ( t-1 ) 
n (n) 
-(t) ,._ ( t-1 ) mfix -·-* ( t) A. = (n) (2.2) 
1jr ( t-1) 
n = mesh point index 
t = iteration index 
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(0) 
Of course initial approximations A and 1.0( 0 ) for the eigenvalue 
and for the fission source term must be supplied. The iterations (2.2) are 
interrupted when the following pointwise convergence criterion is fulfilled 




At each iteration t the fluxes ~?t) in the first of (2.2) are ea! 
culated by the method described in r.3. 
The coefficients ~(t) for linear extrapolation in (2,2) are cal~ 
lated by a well-known method, based on the Chebysher polinomials, which re-
quires an estimate of the dominance ratio d, i.d. the ratio between the 
second and the first eigenvalue of the system (2a1), if the eigenvalues are 




R( t) = \ cp( t) 
'·n· 
a rough estimate of 6 is given by 
G ___ i 
6 = _1_ \:----' .t-, ~ t) 
G 
,-,i 
i='. .l,( t-~) 
b) Diluted ~oieon search 
2 
i, (n) 
C.O( t- -; ) 
I 
(2.4) 
This is the search of a prefixed multiplication factor \ 0 by means 
of a uniform variation of a control poison absorption cross-sections. !he 
absorption cross-section of the control poison is specified in input by 
mesh interval, except for a multiplicative factor 0, called dilution factor, 
unique for the whole reactor, which is calculated by the program. 
:Besides minimum and maximum values of {} ( -0- max and ,& min), a first 
approximation ,a. ( 1) is available, which is either an input datum or the 
critical value in the last search carried outo 
The program first determinfs the eigenvalue \ ( 1) correspondent to 
-& ( 1 >, 4 ) The second estimate {} 2> is ei there~ i-&min or -&m~ )depending 
on A - Ac is negative or positive. If r.. 1 )_\ and A\.~ -A 
have different sisns, the successive approximatio~ are calculated~ linear 
interpolation: 
{t ( i) (2.6) 
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until a factor {}(~) is found such as: 
(2.7) 
Then Oc is set equal to O ( ~) and the search is accomplished. 
~e eigenvalue A (i), correspondent to each dilution factor estimate 
0 ( i J.is calculated bJ the power method described in a). The only- differ-
ence, fs that also an eigenvalue convergence criterion must be satisfied two 
consecutive times for stopping the iterations (2.2)~ 
A(t) - t(t-1) ' < 10_ 1- e 
A(t 
(2.8) 
( 1) Itfo the rlactivi t7 OA =A-A does not change sign going from {} 0 ( 
2 
, the ori tical searc~ is interrupted and the problem ends 
with the final edits of a normal prol,lf!D (average and point fluxes, region 
integrals eoc.), correspondent to 0l
2J (which is either ~minor {} max) 
in the current time-step. 
c) Rodded poison absorption cross-section search 
A rodded poison region is defined with left boundary B1 and right 
boundary N2• Maximum and minimum values Z max , Z min and a first aE, 
pro:rlmation z ( 1) of the poison cross sectfgn, whichrp are constant in 
all points inter~r to the region, are available at(t~e beginning of the 
search. Then for detei,nining the critical value Z ~Jot the poison oross-
section, the same method, based on linear interpolations, is used as tor 
the critical dilution factor {} 
0 
in b). 
d) Rodded poison boundary search 
In this case the poison cross-section :z rp is fixed. Instead the 
critical position N0 o:f' a bounda17 between the poisoned and unpoiaoned 





First t~ yrogram calculates the eigenvalue A ( 1) correspondent to a 
tirst guess Ne 1 (N1 ~c ~ N2 ) , which is either an input datum o1" the 
cnJical boundary achieved in the last search carried out. The second guess 
lf ! is either li2 or w1 depending on A ( 1) _ Ac is positive or negative. 
It ~ 1) _ A.c and X ( 2)- Ac have different signs, the succes-
sive positions :1Ci) of the parting boundary are chosen by a dichoto1117 
C 
method rather than 'bJ' linear interpolations. 
It is to be pointed out that not alW81'S the convergence criterion 
(2.7) con be satisfied, due to the discontinuous displacements ot the part-
ing bounda17. 
Inl: this last ,.case the critical bounda17 is set at the mesh point for 
which ; A - Ac . is a minimum. 
I 
If the reactivity 6A == x-x 
•i1) to Bi2>, the boundary searchcis 
the final edits of a normal problem, 
B1 or lf2) in the current time-step. 
does not change sign going from 
interrupted and the Jf<>blem ends with 
correspondent to Bi J (which 1a .. either 
e) Water density dependent poison search 
The program considers a poison whose absorption oross-section is de-




where the ex 8 are coettioienta given in input, '111 is the water number 
densit:, in Ssila1'd • 1024 nuclei.cm.3 and C will be called, broadl:, ape~ 
ing, "dilution factor". 
The factor C can be adjusted in order to achieve oritioalit:, with 
the X.ft settled to an input value/\ c• It this option is selected, ma.x-
imum and miniDIWll values Cmax and Cmin are to be input. 
First the progr&1p ealculates the eigenvalue A { 1) correspondent to a 
first approximation C~ 1 J ( Cmin ~ c{ 1) ~ emu>, which is an input datum or 
the previous critical value. Then the control is passed to Cmin or 
Cmax and the iterative procedure is continued bJ successive linear inter-
polations as in b).It is to be pointed out that the water number densit:, 
can be calculated bJ the program as a function of' the local enthalp:,. {See 
Section VI). Jloreover the element "water" should occup:, the first place 
after the burnable isotopes in the isotope list and its number denait:, can. 
be mesh-interYal dependent.(See Sections VI•VII). 
f) Buckling search 
.Uso the control square buckling can be adjusted. in order to bring the 
Kett to an input value "'A. co The whole reactor or onl:, some specified re-
gions are involved in this search. As tor the procedure, given a maximwla •d. 
a min:lwm value of' the control bllckling, the search is accomplished bJ auo-
cessive linear interpolations as in b). 
It is to be pointed out that each of the aforementioned parameters .a, , 
l: rp, C and ! 0 , when it is not involved in the correspondent criticalit:, 
search, can be given a fixed value {input datum). Moreover, although plqsic-
all:, the water dependent cross-section is still a diluted or a rodded poison, 
the widest freedom is left as to what poison type is to be adjusted in the 
critioalit:, aearohea ancl. what poison t:,pe is to be held fixed even when the 
water dependence is accounted for {See Sections n). 
Of' course the poison data can be specified in such a war that one or 
more of' the cross-sections l: d , ~ , .Z or l3 be zero. { See Section 
XII - COll'l'ROL 1>.l!.l). P rp wp c 
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III - XENON ITERATIONS 
At each time-step, if required, the program will solve the mutual de-
pendence Xenon-reactivity by iterating between the K'etf' (or the relevant CO!!, 
trol parameter in the criticality ~earches) and the Xe-135 number density. 
Input values (in time-step 0) or the number densities calculated by means 
of the previous time-step fluxes will be taken ~s initial approximations to 
start the iteration gearo Then the I-135 and Xe-135 number densities are 
calculated at each mesh interval by the asimptotio (or saturation) fol'lllulaea 
~ y f ~ I t Ff NI • __..f ______ N ___ _ 
AI 
~y t ~ Xe NfFf+ -,.._1ifI NXe • _f __________ _ (3.1) 
f• fuel isotope index 
The symbols used in formulae (3o1) are explained in Section VII-DEPLE 
TION EQUATIONS to which explicit reference is madeo The coef'ficiente Ft and 
Ai in (7.3) are calculated by the fluxes of the current Xenon iteration ( the 
iteration index, as well as the mesh interval index, are omitted in (3.1) ). 
The Xenon iterations are continued until the following pointwise co!!_ 








~< € X 
I 
t • Xenon iteration index 
n • mesh interval index 
€x: • input convergence criterion 
(3.2) 
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IV - DOPPLER AND WATER EFFECTS 
At each Keff iteration the program takes into account the effect of the 
local power on the U-238 absorption cross-section in the resonance group (Dop-
pler effect), that is, using the fluxes calculated in the current iteration 
(2.2) a.nd normalised to the actual reactor power (see Section X.5),the program 
calculates the average power density Pn (watt.cm-3) at each mesh interval n 
and then improves the aforementioned cross-section according to the formula. 
(4.1) 
Whe1..:. p* is the full (or reference) power density, given in input, and the funo 
-tion - ('.Vn) accounts for the dependence of the U238 absorption cross-sec-
tion f .. ·>m the water number density (1024 nuclei.cm-3). This "water effect" can 
be represented by another polynomial formula.: 
,)/2 
Y}~n (4.2} 
It is to be pointed out that the water number densities can be calculated at 
each time-step. Moreover the program looks at the dependence of the removal 
cross-section of the water in the resonance group from its own number density 
according to the formula: 
r,H 2 0 Or = 
The input coefficients 
or are region dependent. 
1··c:,,2 
,I 
n + p j Vv~j 
(4.3) 
f3i, Yi, Pi either are the same for the whole reactor 
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V - SELF-SHIELDING FACTORS 
The isotopes can be assigned either constant self-shielding factors or 






i = group index 
j = isotope index 
1 a region index 
n = mesh interval index 




The constant self-shielding factors and (or) the polynomial coefficients 
a i,j, 1 
h may be specified by isotope, group and region 
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VI - POWER EFFECT ON WATER DENSI'l1Y 
The water number density may be held constant throughout the reactor life 
. -
time or may be calculated at each time-step as a tu.notion of local enthalpy. 
In this latter case the program automatically asswnes as ••water" the first non 
burnable isotope, which 118'1 the special faoture that its number density nuq- k 
diff ere:nt at each mesh interval, like the other burnable isotopes. 
In order to calculate the average enthalpy bn in each mesh interval two 
options are availabl( 51: 
a) - the radial entJnp~formulation should be followed when actually the 
coolant flows normally to the axis of the problem: 
h = h + k Pn 
n o -p* 
(6.1) 
b) - the a.rial enthalpy formulation should be chosen when the coulant flows 






and the point values h(Xn) are used to yield, by numerical integration, an 
~vera.ge enthalpy hn in each mesh interval n (See Section x.5). 
The meaning of the symbols in (6.1) and (6.2) is as follows: 
ho= inlet enthalpy 
p* • full power density (input quantity) 
Pn • average power density at each mesh interval n, calculated by the power 
normalized fluxes corresponding to the critical control parameter found 
in the set up criticality searoh. 
Vn • volume of the mesh interval n 
K(or X') • conversion factor from power to enthalpy (this quantity can be in-
put per mesh-interval) 
h sat • saturation enthalpy 
Xn • spatial coordinate of the mesh point n 
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The average number density of the water at eaoh mesh-interval n, where 
the input value is not zero, is then calculated as a function of enthalpy by-
the following formulae: 
,1 = b +b~(h t- h) + b,jh t-h ) 2 
n o • sa n c. s& n for h ::.; h t n sa 
(6.3) 
The program does not provide for an automatic iterative procedure to con-
verge the water number density, but it can be brought to a practical convergence 
simply b,y specifying a few successive time-steps of length /J. t • o. 
Of course, if the option here described is not chosen but the water num-
ber density is held constant throughout the reactor lifetime, it does not mat-
ter what isotope is actually representing water bu.t the first non burnable 
isotope may still be used freely to input number densities per mesh interval 
rather than per region, if necessary. 
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VII - DEPLErION EQUATIONS 
The program can treat only a standard chain of burnable isotope. Mqre 
exactly there are: 
a) - six fuel isotopes, namely: 
1 - U235 
2 - U236 
3 - U238 
4 - Pu239 
5 - Pi.t240 
6 - Pu241 
The equation governing the time behavior of anyone of these isotopes is 
of the form: 




G = number of groups 
o = o iff=1,3 that is the last term in (7.1) is missing for f = 1,3; 
i 
cp 
otherwise o = 1 
= decay constant of isotope j 
G 
\-, i,j i,j i 
= ' oa l; cp 
i=1 
G 
~ i9j i.,j i 
~ \ oc ~ cp 
t----· 
= 1grbup i average flux at the relevant mesh interval ( the mesh-
interval index is omitted in equation (7.1) ) 
~i,j = self-shielding factor of isotope j,group i 
i,j = microscopic absorption cross-section of isotope j 
. <?a 1,J 
= microscopic fission cross-section 
of , . 1,J 
oi = 
i~j i,j 
oa = of = microscopic capture cross-section. 
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The equation (7.1) is solved by a second order finite difference method: 
Nr(t+llt) = Nr(t) L:.:-(Af+1/~ t1tJ+5[Nr=1 (t+llt)+Nr-1 (t) J cr-1 llt 
2-( Af +J{) flt 
b) - Two pairs of single fission products, namely: 
7 - Pr 149 
8 - Sm 149 
9 - I 135 
10 - Xe 135 
whose number densities are governed by the following equations: 
6 
(7.2) 
dK~ = -N:P1 ( AP1 +AP1 )+\~' yf4 piNfFf p1 • 7,9 
dt - . 
f=~ (7.3) 
6 






y14:P = yield of the fission product p produced by fission of isotope i. 
6 




e = ( AP1 +AP1 ) llt_e -( i\P2+_;.,P2) b.t 
..,._P2 + Ap2 _ r..P1 _~: .. JY' 
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~ f ~LT<'P 1' _f __ ,f 




NLI<'.? ( t+ 6t) = NLYP ( t) + bt ~ yf->LF.? 
:f=1 
(7.5) 
( 7 .6) 
d) - Two burnable poisons which have to satisfy an equation of the form: 
b =i 2, i;; (7.7) 
The analytic solution of (7o7) is simply: 
(7 .8) 
As already mentioned, the depletion eguations (7.1), (7.3), (7.5), 
(7.7) are solved in each mesh-interval. Moreover each time-step can be 
subdivided at will in a number of equal substeps, in each of which the 
time-dependent number densities, as well as the concentration dependent 
self-shielding factors, are recalculated but no flux renormalization takes 
place. If the option described in Col.13-15 of XII.23 is checked, the num-
ber densities of the isotope 14 (first non burnable isotope), which should 
be water in this case, are calculated by the method explained in Section 
VI. 
It should be possible to make the program SQUIRREL accept any iso-
topic chain specified in input as it happens in (3, 4, 6). 
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In order to ma.lee the uptodating of the report as easiest as possible in 
view of this possible future extension, from now forth we shall denote para-
metrically the number of wrnable isotope by NUCL, the number of fuel isotopes 
by NIF, the number of single fission products by NIP and the number of lumped 
fission products by NAG, understanding that the remaining isotopes, if any is 
included between NIF +NIP+ NAG+ 1 and NUCL, are burnable poison. 
Of course in the present version of the program SQUIRREL it is: 
NUCL "' 13, NIF ... 6, NIP "' 4, NAG "' 1 
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VIII - FUEL SHUFFLING 
At any prefixed time-step, the number densities of the burnable isotopes 
in a block of consecutive mesh-intervals may be shifted into another block with 
the same number of mesh-intervals. These displacements, which are not necessa-
rily biunivocal, may be accomplished either by a straight translation or by a 
180° rotation followed by a translation, as it can be seen in fig. 4. 






10 10 5 .20 
Also fresh fuel (that is a mixture made up of isotopes present at the be-
ginning of life) can be fed into any mesh interval. 
( 9.1) 
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IX - GROUP CONSTANT 
The macroscopic cross-sections are calculated at each mesh-interval by the 
usual formulae: 
NI 
Di ,n = L3 \--- Nj 
, n 











NI= total number of isotopes 
j = isotope index 
i = group index 
diffusion coefficient (cm) 
macroscopic absorption cross 
sect ion ( om-1 ) 
macroscopic removal cross-section 
(cm-1) 
macroscopic cross-section for fis-
sion neutron production (cm-1) 
macroscopic fission cross-section 
(cm-1J 
macroscopic cross-section for en-
erf!:f production (joule.cnr-1) 
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n • mesh interval index 
i _, 
ot; J • microscopic transport cross-section 
or • microscopic removal cross-section 
v • average number of neutrons produced per fission 
ei g j du d •. . • energy pro ce per ~1ss1on 
( 
i,n i,n i n i n ""i,n ) L + ~ +D , B ' + £ 
If the total macroscopic cross-section a r p 
happens to be negative in some group and mesh-interval, the program stops. 
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X - OTHER FEATURES OF THE PROGRAM 
X.2 Unit szstem 
- The microscopic cross-sections are to be specified in (barn). 
- The number densities in (Szilard) (1 Szilard = 1024 nuolei.om-3). 
- The macroscopic cross-section are in (om-1). 
- The time in (hour). 
- The energy in (joule). 
- The power in (watt). 
- The power density in (watt.cm-3). 
- The volume in (om 3). 
- The length in (cm). 
- The flux in (neutrons.cm-2.sec-1). 
- The weight in {gram) 
X.2 Time step data 
F.a.ch time-step can be assigned a.n arbitrary length and an arbitrary power. 
Moreo.ver it can be subdivided in a number of smaller substeps in each of which, 
as already noted, the time-dependent number densities as well &s'the concentr! 
tion dependent self-shielding factors are recalculated but no flux renormaliz,! 
tion occurs. On the contrary only one diffusion calculation with final flux 
normalization is carried out at each time-step. 
X.3 Cross-section library 
The cross-section library is divided into 3 main blocks: 
block A : library of macroscopic cross-sections atr ( tra.nsport), oa {ab-
sorption), or (removal to next group) for any isotope; 
block B : library of microscopic cross-section or (fission), YOf {nu-
fission), e (energy per fission) for any fissionable isotope; 
block C: fission11elds for any fissionable isotope. 
At any time-step the program can read in any or all o,f the blocks A,B,C. 
A block may be read only partially for a restricted number of elements. 
The possibility of reading the library at any time-step permits to iake 
into account changes of the spectrum during the lifetime. 
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X.4 Tape writing and card punching 
At each time-step (including the time-step 0) the program writes on the 
logical unit 2 a record containing the intervalwise number densities of all 
burnable isotopes. These records are assigned progressive identification num-
bers starting from a specified ·value. This unit (normally a tape should be 
mounted) can be used to specify intervalwise number densiti~s in other SQUIR-
REL problems provided the same isotopic chains and the same number of mesh 
points are dealt with (See XII.18 PARAMErERS FOR NUMBER DENSITY SPECIFICATION), 
Moreover, if desired, the same number densities are punched on cards. 
These cards (except for the first) are available ·to input intervalwise number 
densities in other problems. 
Also the group point fluxes may be punched on cards at each time-step. 
Nevertheless these cards cannot be used for input purposes but only for off-
line calculations. 
X.5 Output of the program 
The output of the program is self-explaining as far as it is possible. 
Nevertheless some general remarks are suitable. When a function f (x) (e.g. 
the group fluxes ~i (x), the power, the enthalpy) has to be integrated or 
averaged over a mesh interval of length bx, the integration is carried out 
by a numerical formula which requires only the values f1 a.nd f2 of the func 
I -
tion at the boundary points of the intervali 
1 






At each time-step K the group fluxes are normalized in such a wa:y that: 
., . .i ( ' ""Pdx t. X) ,,_ - (10.2) 
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where Ei (x) i$ the macroscopic cross-section tor energy production (See 
(9.1)) and W (K) is the total power produced by the reactor pa.rt under inves-
tigation. 
Briefly we shall list the main items which a.re printed by the program at 
each time-step after the input data specified only once in the whole lifetime: 
I 
- the new input data which a.re to be specified in the current time-step (buck! 
ings, control data, cross-section library, self-shielding factors) 
- the atomic densities per mesh-interval of the burnable isotopes 
- the Kett iterations for ea.eh value of the control parameter 
- the macroscopic cross-section per mesh-interval 
- the point fluxes and power densities 
- the average fluxes and power densities per mesh interval 
- the flux w~ighted macroscopic cross-section both in each reactor region and 
in the poisoned and unpoisoned aide of:the rod poison region, if any 
- the ~egion integrals and the neutron balance. 
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XI - DESCRIPTION OF THE PROGRAM 
We shall list the FORTRAN declta which constitute the program SQUIRREL: 
MAIN 
ALOAD 
MAPPIO l DELTAX _, 













The data which cannot be specified for each time-step are read 
and printed. 
The control data (including the data for the Doppler and water 
effects) are read and printed. 
The cross-section library and the self-shielding data are read 
and printed. 
The atomic number densities of the burnable isotopes are print-
ed, punched on cards and written on the logical lµlit 2. More-
over the fuel shuffling, if any, is carried out. 
The macroscopic cross-section a.re calculated and the flow of 
the criticality search iterations is controlled. 
At each criticality search iteration the Kerr and the point 
fluxes a.re calculated also accounting for the Doppler effect. 
The point fluxes are normalized and printed. Moreover the av-
erage fluxes per mesh interval (used in the depletion calcula-
tions) are calculated and printed. 
The flux weighted macroscopic cross-section per region are ea! 
culated and printed. A detailed neutron balance is drawn. 
The new number densities per mesh-interval of the burnable 
isotopes a.re calculated (burnup calculation). 
The water number densities a.re calculated taking into account 
the effect of the power through the enthalpy 
If the available core storage requ.ires it, the program SQUIRREL can be 
a.rra,ne;ed as an "overlay program" whose links can be shaped in mat>y different 
~· 
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XII - INPUT DATA PREPARATION 
It is to be said first that the limitations of SQUIBREL (i.d. the 
maximum number of compositions, of mesh-points and so on) are not EJpecified 
in this section, where they are indicated only parametrically. 
The numerical values of these parameters, for the present version of 
SQUIRREL now running at lspra, are given in Appendix A, so that future 
changes of the program restrictions will only imply the up-to-dating of 
Appendix A. 
1: TITLE CARD ( 18A4) 
Col. 1-72 Title of the problem (any alphanumeric character) 
2: 0100:RAL PARAMETERS (24I3) 
Col. 1-3 NG~M = 0 slab geometry 
• 1 cylindrical geometry 
= 2 spherical geometry 
Colo 4-6 NG ( ~ I01G) • number of groups. It must be NG~ 2 
Col. 7.-9 NR ( "" KNR) • number of regions 
Colo 10-12 NPX ( ~ KPX) = last mesh-point ( the mesh-points are numbered 
rightwards starting from 1) 
Colo 13-15 NGRIBT ( ~ ICRI:NT) = last time-step 
The time-stepsare numbered starting from 0 
Col.16-18 BIS(~ KIS) • highest isotope index • 
.l_: OPTIONS ( 2413) 
Col. 1-3 IC~ND = 0 the boundar.r conditions are the same for all groups 
• 1 the boundary conditions are group dependent 
Col. 4-6 IGl3CK • O group independent buckling 
• 1 group dependent buckling 
Col. 7-9 ISBCK • 0 spatially independent buckling 
= 1 the buckling is to be specified per mesh-interval 






straight burnup (only a K-effective calculation at 
each time-step)e See Section II.a 
• 2 search of the critical dilution factor~ of a 
diluted poison. See Section II.b 
= 3 search of the critical absorption cross-section 
~ of a rodded poisone See Section II.c 
rp 
= 4 search of the critical boundary of a rodded poison. 
See Section IIod 
.. 5 search of the critical 99 dilution factor" of a water 
dependent poison. See Section II.a 
= 6 search of the critical transverse bucklingo 
See Section I!of 
IENTH .. 0 
- 1 
DUCR = 1 
enthalpy axial formulation (See Section VI) 
enthalpy radial formulation 
isotopic self-shielding factors and macroscopic 
cross-sections are printed for each mesh-interval 
• O only macroscopic cross-sections are printed 
= -1 neither self=shielding factors nor cross-sections 
are printed 
48 MISCELLANEA (7E10~5) 
Col. 1-10 AUTCRI = minimum allowable eigenvalue 1 . if IC•1 (straight 
burnup). If at any time-step min the K-effective 
becomes lower than ~i , the program stops before the 
burnup calculation n 
• eigenvalue 11
0 
to be searched for in cri tioali ty 
sea~ches (IC> 1) 
Colo 11-20 DEL m pointwise convergence criterion for an eigenvalue cal-
' =o ";\ 
cula.tion: ·\nax '1:an 
-c~-?}\-c--..,= ~:;J;~L 
A value between 10-3 and 10-4 is advised. (See 2.3). 
Col.21-30 ETA • convergence criterion for a critical~ty search (IC> 1)o 
The search is interrupted wheng 
I. ) = I' l ' ~ 'T', J ,/~, t,.ft, ! -....._, ~.>!a.J."1. 
I '- [ 
If IC=1 9 leave blank or zeroo See (2o7). 
/ 
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Col.31-40 XENC~N = convergence criterion for the Xenon iterations, which 
are interrupted when: 
Ye t x~ ""~' rr ~ " = Np~, " ' 
n ( x:c;Ncu,:; 
t • iteration index 
p = mesh-point index 
See (3e2) 
Col.41-50 FULPD • reference full power density (in Watt/cm3)o See Sections 
IV and VIo 
5 g BOUNDARY CONDITIONS 




(i = 1, 2u NG) 
is the derivative along the outward normal and T)i~c, 'f;i~o~ 
,i 1-l >0 • The zero flux condition is obfained by _ ,,/ /; O and 'f;i -=-0 , 
current ( eymmet:ry) condition by YJ c_· u and ( /_ ,., 0 
the zero 
If a1 = Oo5 and µ1 = 11 condition (12.1) represents a vanishing 
in ward current J, (in the diffusion theory)o in 
This last condition should be employed, instead of the usual one of 
vanishing fluxo 
The set for the boundary condition specification consist of one card 





for the left boundary (mesh point 1) 
for the right boundazy (mesh point NPX) 
If ICOND • o, only one card is necessary and the specified values ap-
ply to all groupso 
If ICOND = 1, NG cards must be supplied, one for each groupo 
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i i 
If' T) +t; =O , the program will stop, except if' this condition happens 
on the left side ot a cy3tndrical of spherical reactor. In this ~ase the pro-
gram sets automatically T) =0 , t; = 1 (symmetry condition). 
61 TIME-STEPS FOR IE:NON ITERATION 
This set of' one or more cards (2413) is to specify the vector NXE (K), 
K .. o, liGRI11T. 
The first card contains: 
Col. 1-3 mcE (0) ! 0 at the time-step o, the iterations Xenon-reactivity 
(or Xenon-control parameter in the criticality search-
es) are carried out until convergence of' the Xenon 
number densities. (See Section III). 
• 0 Throughout the time-step O diffusion calculation, 
the Xenon number densities are unchanged, that is 
they are left as given in input. 
Col. 4-6 NXE (1) ! 0 in the time-step 1 diffusion calculation, the Xenon 
iterations are carried out. 
••••••••••••••••• 
• 0 Throughout the time-step 1 diffusion calculation,the 
Xenon number densities are as calculated in the burn-
up calculationo 
And so forth until NXE (NGRIBT), using as maey cards as necessary. 
J1 POWER SPECIFICATION 
This set contains one or more cards (7E10.5). The first card is: 
Col. 1-10 W(O) • power for the flux normalization at the time-step 0 
Col. 11-20 W(1) = power for the time-step 1 
and so forth, up to W (NGRINT). 
It is understood that the power for unit transverse height (Watt/cm) 
in cylindrical geometry or the power tor unit cross-sectional area (Watt/ 
cm 2) in slab geometry is to be giveno 
Moreover, if' a slab reactor is symmetric about one axis (except tor 




L ..... . 
1. -~ -1 
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At 8111 time-step K, the fluxes are normalized in such a wa:7 thats 
L .. 
1:., { -- l 1 ( ) D - ···( - ) 
.: j O ~ cp X X .... d.X :::: 'v'; L See (10.2) 
8: LIST OF TIME-STEPS WITH NEW BUCKLING$ 
One or more cards (24I3), present only if NGRIIT > o, for the speci-
fication of the vector NBK(L), L • 1, NORI.NT, where: 
NBK ( I) = 1 the program reads new square bucklings after the depletion 
calculation and before the next diffusion calculation of the 
time-step I (See card set no.22x BUCKLINGS). 
• 0 new bucklings are not required at time-step I. 
9: LIST OF TIME-STEPS WITH NEW CONTROL DATA 
One or more cards ( 24I3), present only if NGRINT > o, for the speci-
fication of the vector NCT (I), I• 1, NORINT, where: 
NCT (I) = 1 the program reads new control data, new Doppler and water 
effect data oooetoeoooe .(see card sets no.231 CONTROL DATA 
P.ARAME'.I'ERS)immediately after the depletion calculation of 
the time step L 
= 0 new values of the just mentioned data are not read. 
10: LIST OF TIME-STEPS WITH A NEW LIBRARY 
One or more cards (24I3), present only if NGRIN'l' > o, for the speci-
fication of the vector NTL (K), K = 1, NGRINT, where: 
NTL (I) • 1 the program reads new library data before the time-step I 
diffusion calculation. 
• 0 no library data are reado All the library data are the last 
ones read by the program o 
11: LIST OF TIME-STEPS WITH NEW SELF-SHIELDING DATA 
One or more cards (2413), present only if NGRINT :> o, for the speci-
fication of the vector BTS (K), K • 1, NGRINT, where: 
llTS(I) • 1 the program reads new self-shielding data before the time-
step I diffusion calculation. 
• 0 no self-shielding data are reado 
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N.B. - The data mentioned about the card sets 81 9, 101 11 are automatically 
requested by the program at the time-step o, that is at the beginning 
of the problemo 
12: LIST OF TIME STEPS WITH SHUFFLING 
One or more cards (24I3), present only if NGRINT > o, for the speci-
fication of the vector NFU (K), K =1, NGRINT. 
NFU (I) '"' 1 the program carries out a fuel shuffling before the time-
step I diffusion calculation. 
= 0 no shuffling is carried outo 
13: SUBSTEP DIVISION 
This set of one or more cards (24I3), present only if NGRINT > o, 
specifies the subdivision of .each time-step I into NSA(I) small time-stepso 
The first card contains: 
Col. 1-3 NSA (1) = number of small time-steps into which the time-step 1 
is divided. 
Col. 4-6 NSA (2) = OO&oeOGO 
and SQ on up to NSA (NGRINT) o 
14: TIME-STEP LENGTHS 
This set, present only if NGRINT > o, contains one or more cards 
(7E10.3)e On the first card. 
Col. 1-10 DELTAT (1) = length (hours) of the time-step 1 
Col.11-20 DELTAT (2) • same, for time-step 2 
and so forth, up to DELTAT (NGRINT), using as many cards as necessary. 
15: Xi SPECIFICATION 
(i. 
One card (7E10e5) containing the fission spectrum integrals x1 
1,2 ••• NG) for all groupso.,T,.., 
l\ l:r 
i \' i 




16s Ja:>H INTERVAL SPECIFICATION 
Each card is divided in 6 parts[( 6 (E9o3), I3 ~ of 12 columns each. 
Each part is constituted by a 9 column field (E9.3) and a 3 column 
field (I3) and specifies a couple ( !sx ,p) where /sx is a mesh interval 
length (in cm) and p is the mesh-point up to which this value is extended. 
All the p must be given in an increasing order and the last one must be 
NPX. 
17: REGION DESCRIPTION 
The lay-out of the regions is specified in a self-expanding form by 
couples of two integers: 
Col. 1-3 i = region index ( j :(ir:,;; 1'-J:I) r 
Col. 4-6 p = mesh point up to which this region index extends 
Col. 7-9 these columns are ignored by the programo 
The specification is continued by triplets of 3 Column fields, the 
last of which is alw~s ignored by the programo 
The integers p must be input in an increasing order and the last 
one must equal NPX. 
A region (e.goa reflector) can be constituted by disjoint segments 
of the reactor domain, that is the integers i need not be different 
even if they do not belong to consecutive coupfes (i, p) 
r 
18: PARAMETERS FOR NUMBER DENSITY SPECIFICATION 
There must be one card (24I3) containing& 
Col. 1-3 NEC = number of isotopes whose number densities are given 
per region ( O ~ NEC ~ NIS) 
Col. 4-6 IREC • identification number, on the logical unit 2, of the 
record containing the intervalwise number densities to 
be read by the programo If this field is blank or zero, 
no number density is read from unit 2 
Col. 7-9 NREC = identification number of the last number density record 
to be saved on the logical unit 2. Next to record NB.EC, 
the program will write the number density records rela!. 
ing to the time-steps of the present problem, starting 
with time-step O and identification number NREC+1 
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Col. 10-12 BEMIR • number of isotopes, whose number densities are giTen per 
mesh interval ( 0 :e NEMIR ~ :RUCL+ 1 ) 
Col. 13-15 DY N • 0 no punched cards 
• 1 the number densities of the fir~t NUCL+1 isotopes are 
punched on cards (1P7E10o4) at each time-step, before 
the shufflingo 
These punched cards can be used to input number dens-. 
ities per mesh-interval in other problem {See ool.1~12). 
Azr,way we remind the'same number densities are alwazs 
written on the logical unit 2. 
• 2 only the power normalized point fluxes are punched on 
cards (1P7E10o4) 
• 3 both the aforementioned number densities and the point 
fluxes are punched on cards. 
The number densities of the first NUCL+1 isotopes (that is the time-
dependent isotopes plus the immediately next one) can be specified either per 
region or per mesh interval or botho 
The number densities of the time-independent isotopes, except tor the 
first {of index :RUCL+1) can be specified only per regiono 
Also we recall that, if the option described in Section VI is checked 
{see col.13-15 of 23: CONTROL DATA PARAJIETBRS), the isotope NUCL+1 is auto-
matically assumed to represent "water" and its number densities are calculat-
ed only in those mesh intervals where the input values are different from 
.!.!.£2.• 
All number densities (per region and per mesh-interval) are initialized 
to zero. The number densities per region, if any, are then read from cards 
and expanded per mesh-interval.{See sets No.19,20). 
Next, if required (see 001.4-6), the program reads the number densities 
of the first NUCL+1 isotopes recorded on logical unit 2o Finally number dens-
ities per mesh-interval, if any, are read from cards (see set No.21). 
In each of the aforementioned reading steps, the last specified number 
densities, if overlapPing occurs, override the preceding ones. 
19: LIST OF ISOTOPES WITH NUMBER DENSITIES GIVEN PER REGION 
One or more cards (24I3), present only if NEC> o, specifying the 
identification numbers of the m:c isotopes with number densities given per 
regiono 
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20: NUMBER DENSITIES PER REGION 
This set is present only if NEC> O. 
~or each of the NEC isotopes specified in 19, one or more cards 
(7E10.5), containing NR number densities, one for each region. Start a new 
card for a new isotope. 
21: NUl!BER DENSITIES PER MESH-INTERVAL 
This set is present only if NEMIR > O. For each isotope, whose number 
densities are to be given per mesh-interval, there must be the following 
cards: 
a) One card (24I3) withi 
Col. 1-3 IN = identification number of the isotope ( 1 ..::; IN:( NUCL+1) 
Col. 4-6 IS(IN)• number of segments, each constituted by consecutive 
mesh-intervals, on which the number densities of the 
isotope IN are to be specified. 
b) One or more cards (8 (2I3,3X) ) describing the aforementioned IS segments. 
On the first card: 




• mesh point representing the left boundary of the first 
segment 
• mesh point representing the right boundary· 
(1 "( 11 <r1 "( NPX) 
These columns are ignored by the program 
and so on, using the other 7 triplets of 3 column fields 
and as many cards as necessary. 
c) For each segment, described in b , one or more cards (7E10.5) contain-
ing r. - 1. number densitie~ (r. 1. = number of mesh intervals belon.6_ 
i i i i 
ing to the segment). Start a new card when passing to a new segment. 
Where two or more segment overlap, the last specified number densities 
override the preceding ones. 
The card sets a), b), c) must be repeated NEMIR times (See col. 10-
12 of 18). 
22: BUCKLING 
The axial (in cylindrical geometry) or the cross-sectional (in slab 
geometry) square bucklings are read by the program at the beginning of a 
problem (time-step no.O) and at any time I such as NBK(I) • 1. 
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(See 8: LIST OF TIME STEPS WITH NEW BUCKLINGS) 
a) If ISBCK • 0 (Col.7-9 of card no.3), supply one card {7E10.5) with a spa-
tially independent buckling in the first field. 
b) If ISBK • 1, there must be one or more cards ( 6 (E9.3,I3) ) with each 9 
column field (19.3) devoted to a buckling value and the following 3 column 
field (I3) specifying the mesh point up to which this value extends. 
If IGBCK•1 (group dependent buckling. See col.4-6 of card no.3), the 
card !. or the card set .!?_ must be repented NG times. 
In spherical geometry, although not compulsory, the best policy is to 
put IGBCK • ISBCK • 0 and supply one blank card as card set !!· 
We point out that the buckling referred to here is the fixed buckling 
not to be confused with the control buckling we shall consider later. (See 
Section I.1 and card set noo27). 
CONTROL DATA 
The data, included in the card sets noo23, 24, 25, 26, 27, 28, 29, 30, 
31 are read by the program at the beginning of a problem (time-step no.O) and 
at any time-step I such as NCT(I)•1, unless otherwise specified on card 23 
(See 9: LIST OF TIME STEPS WITH NEW CONTROL DATA)o 
23: CONTROL DATA PARAMETERS (24I3) 
Col. 1-3 NCOI = 1 The control poison and control buckling data, namely the 
card sets no.23, 24, 25, 26, 27 are read 
• 0 are not read but they hold the last specified values. In 
time-step nooO this option is possible only in straight 
burnup calculations (no search): in this case all control 
poison absorption cross-sections and the control buckling 
are automatically set to Oa 
Col. 4-6 NDOP number of sets of coefficients for calculating the power 
effect on U-238 absorption cross section in resonance 
group (NG-1)o If NDOP•O, the Doppler coefficients hold 
the last specified values. Of course, this option is not 
possible in time-step Oo See (4o1). 
Col. 7-9 NWE number of sets of coefficients for calculating the water 
effect on the just mentioned U-238 cross-section. The 
option NIE-0 has the same meaning as for NDOPo See (4a2). 
Col. 10-12 NWR 
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number ot sets of coefficients for representing the re-
moval cross-section, from the resonance group, ot the 
isotope no.HUCL+1 (generally, but not necessarily,water) 
as a function of its own number density. 
The option NWR=O has the same meaning as for NDOP and 
.NWE. See (4.3). 
Col. 13-15 IWTR • 1 the data for fitting the number density of the isotope 
NUCL+1 (which should be water) versus enthalpy are read. 
See Section VI. 
= 0 are not read but they hold the last specified values. 
IWTR•O in time-step O means that the isotope NUCL+1 num-
ber densities are held fixed, as given in input,througluut 
the lifetime, unless otherwise specified in a following 
time-step. 
This option is usefull when the power effect on the water 
number density does not matter. 
241 DILUTED POISON DATA 
In this set, present only if NCON=1, there must be the following cards: 
a) One card (7E10o5) containing: 
Col. 1-10 {J • dilution factor first approximation it IC=2 (diluted 
poison search. See Col.10-12 of card no.3) 
• actual dilution factor in all other cases (Ic,2). 
The following two parameters are to be given only if IC-2. 
Col .11-20 B- i = dilution factor minimum value 
m n 
Col .21-30 n. = dilution factor maximum value. ( .3: . ::;;;B-:;.;;,&. ) 
vmax illl.n ffi&X 
b) One card (7B10.5) for the diluted poison fractions: 
Col. 1-10 t! • diluted poison fraction acting in group 1 
Col.11-20 t: • diluted poison fraction acting in group 2. 
c) One or more cards ( 6 (E9.3,I3)) where the diluted poison absorption 
cross-sections i dp are specified in a self-expanding form with each 
3 column field occupied by a mesh point number. 
- 46 -
25: RODDED POISON DATA 
In this set, present only if NCON•1, there must be the following card.ea 









left boundary of the rodded poison region 
right boundary of the rodded poison region. 
It must be P 1 r· <?~r unless Plr = P 2 r = 0 (no rodded poison region) 
first approximation of the bounda17 between the poisoned 
and unpoisoned side if a boundary search is dealt with 
(IC= 4. See Section II.d).It must be n. ~p <n . 
.l:',r vr""\.t:':::r 
In all other cases (IC!4) leave blank. ' 
b) One card (7E10o5) witha 
Col. 1-10 :Z: = first approximation of the rodded poison absorption 
rp cross-section if IC•) (rodded poison cross-section 
search. See Section II.C) 
= actual rodded poison cross-section in all other cases 
(IC/3). 
The following two parameters are to be given only if IC•). 
min Col.11-20i = minimum value of the rodded poison cross-section. 
rp 
max Col.21-30 ~ = 
rp maximum value of the rodded poison cross-section ( ti1L'1 <i:c..,X iJ1iE(;Z ~ flax) 
rp r-o ' r.J rp rp 
c) One card (7E10.5) for the rodded poison fractions: 
Col. 1-10 t. 1 = rodded poison fraction acting in group 1 
r 
r; 
Col.11-20 t,::.. • rodded poison fraction in group 2. 
r 
.............. 
26s WATER DEPENDENT POISON DATA 
In this set, present only if NCON=1, there must be the following cards: 
a) One card (7E10o5) containing: 
Col. 1-10 C 
wp = first approximation of the water dependent poison "di-lution factor" if IC• ? (water dependent poison search. 
See section II.e) 
= actual water dependent poison "dilution factor" in all 
other cases (ICl5)o 
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The following two parameters are to be given onl;r if IC•5. 
Col .11-20 Cmin • minimum value of the "dilution :factor" 
wp 
Col.21-30 Cmax • maximum value of the "dilution factor'' 
Wp ( Cmin CffibX C:min ,, ,..,Iil~X) 
V/1) < WI) j V/Q ~LiV:p ~u W iJ 
b) One card (7E10.5) for the water dependent poison fractionss 
1 Col. 1-10 t 
w 
••••••••••••• 
= water dependent poison fraction acting in group 1 
c) One card (7E10.5) with the coefficients for representing the poison 
cross-section as a function of the water number density: 
Col. 1-10 C( 1 
001.11-20 C( 0 l See (2.9) Col.21-30 cx_1 _, 
Col.31-40 a_1 
27: CONTROL BUCKLING DATA 
In this set, present only if NCON-1, there must be the following cards: 
a) One card {3E10.5, 2A4) containing: 
Col. 1-10 B2 
0 
= first approximation of the control buckling, if a 
buckling search is dealt with (IC•6. See Section II.t) 
• actual value of the control buckling in all other 
cases (IC~6). 
The following two parameters are to be given only if IC=6: 
Col.11-20 B2(min). minimum value of the control buckling 
C 
Col.21-30 B2(max). maximum value of the control buckling 
0 (B2(min)< B2(max) ; ~2(min\ B2 ~ B2(max)) 
C C C C C 
Col.31-38 If this field in blank, the aforementioned buckling value (or 
the buckling search) extends over the whole reactor. 
If this field is not blank, the control buckling concerns onl;r 
the reactor regions that will be specified in b. 
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b) One or more cards (24I3), present only if the above field 31-38 is not 
blank, for specifying the vector IB(L), 1 • 1, NR, where: 
IB(L) • 1 the control buckling or the buckling search include the re-
gion L 
= 0 the control buckling is set automatically to zero in the r.!_ 
gion L, which is not concerned with the buckling search,if 
any. 
28: DOPPLER EFFECT DATA ( *) 
In this set, present only if NDOP > o, there must be the following 
cards: 
a) NDOP cards (7110.5), one for each of the NDOP coefficient sets: 




See (4. 1) 
b} One or more cards (24I3), present only if NDOP> 1, for assigning to each 
region one of the above defined coefficient sets, which are numbered in 
the same order they are input in !. • 
On the first card: 
Col. 1-3 ID(1) = coefficient set assigned to the region 1 
•••••••••••• 0. 
and so on up to ID{NR) o It must be 1 ~ ID(L) ~ NDOP for any region Lo 
If NDOP = 1, the card(s} b is not present but the single set is auto-
matically extended over all regions. 
29: WATER EFFECT DATA (*) 
This set, present only if NWE > o, has the same structure as the set 
28: 
a) NWE cards (7E10.5}, each containing: 
001. 1-10 Yo 
Col.11-20 Y1 l See (4o2) 
I 
Col.21-30 Y2 _,, 
Col.31-40 Y3 
(~) See footnote of the following pageo 
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b) One or more cards (24I3), present only if NWE > 1, specifying the vector 
IW(L) (L • 1,NR), which assigns to each region Lone of the coefficient 
sets defined in 
It must be 1 ~ 
!. • 
IW(L) ~ NWEo 
30: DATA FOR THE RESONANCE GROUP WATER RP){OVAL (:!E) 
This set, present only if NWR > o, is built as the sets 28, £2..• 
a) NWR cards (7E10.5), each containing: 
Col. 1-10 Po 
Col.11-20 P1 ! See (4.3) Col. 21-30 P2 
Col. 31-40 
P3 
b) One or more cards (24I3), present only if NWR >1, specifying the vector 
IR(L) (L•1,NR) with the same meaning as in 28b. It must be 
1 ~ IR(L) "" NWR. 
31: POWER EFFECT DATA 
In this set, present only if IWTR,o, there must be the following cardsa 
a) One card (7E10.5): 
Col. 1-10 ho • inlet coolant enthalpy 
Col.11-20 h 
sat • saturation enthalpy 
b) One card (7E10.5) containing: 
Colo 1-10 ao water number density versus enthalpy coefficients 
Col.11-20 a1 l (h ~ h t)o See (6.3). sa Col.21-30 a2 










water number density versus enthalpy coefficients 
(h < h t). See (6.3). 
---- sa 
(!!!) Vie v,am that the values of both the U-238 absorption cross-se,,tioh ..u:.d 
of the water removal cross-section in the resonance group, specifi~d 
among the library data (see card set 34), are ignored by the program. 
As a consequence, the aforementioned values should always be specified 
by a proper use of the card sets 28,29,30, even if the isotope NUCL+1 
is not reall¥ representing the water. 
- so-
d) One or more cards ( 6 (E9.3,I3) ) specifying the conversion factor 
K (or K') in a self-expanding form with each 3 column field devoted to 
a mesh-point number. See (6.1) and (6.2). 
LIBRARY DATA 
The data concerning the libra17, included in the card sets no. 32, 33, 
34, 35, 36, 37, 38 are read by the program at the beginning of a problem (time-
step no.O) and at any time-step K such as NTL(K) • 1. (See 10: LIST OF TIME--
STEPS WITH A NEW LIBRARY). 
At the time-step o, all the library data are initialized to zero,whereas 
at the successive time-steps, they are initialized to the values of the pre-
vious time-step. 
Thus the reading of new libra17 data provides a modification, partial or 
total, of the library data of the preceding time-step. 
32: LIBRARr PABAMETERS (24I3) 
Col. 1-3 NLL • number of isotopes for which the cross-sections Oti·, Oa 
o are given. 
r 
, 
Col. 4-6 NFL • number of isotopes for which the cross-sections of, vo f' e 
are given. 
Col. 7-9 NYL • number of isotopes for which the fission yields are given. 
33: LIST OF ISOTOPES nTH o tr, o a, OR 
This set, present only if NLL > o, is made of one or more cards (24I3) 
containing the indexes of the NLL isotopes for which o tr, 0 8 , or must be 
specified. 
34s VALlJlil> OF Otr, O 8 , o r 
For each isotope declared in the list }l, there must be the following 
three cards: 
a) card for the transport cross sections 0 tr 
Col. 1-8 Isotope name (it is suggested to start from column 1). 
This name is used for the printout of the non-burnable 
isotopes. 
- 51 -
Col. 9-10 Are ignored by the program 
Col .11-20 1 0 tr • group 1 microscopic transport cross-section 
Col.21-30 2 • group 2 microscopic transport cross-section 
o tr 
............ 
b) card for the absorption cross sections o a 
Col. 1-10 Any alpha:meric characters 
Col .11-20 1 .. group 1 microscopic absorption cross-section 0 a 
Col.21-30 0 2 • group 2 microscopic absorption cross-section 
a 
o) card for the removal cross sections o r 
Col. 1-10 Anr alphameric characters 
Col .11-20 0 1 • group 
r 
1 microscopic removal cross-section 
Col.21-30 0 2 = group 2 microscopic removal cross-section r 
e. e e 9 • e e e O O 0 
35: LIST OF ISOTOPES WITHo r, vat, e 
This set, present only if NFL > o, is made of one or more cards ( 24I3) 
containing the indexes of the NFL isotopes for which ot,vo f• e must be 
specified. 
36: VALUES OF o f, vo t, e 
For each isotope declared in the list 12., there must be the following 
three card.as 




Arq alphameric characters 
o; • group 1 microscopic fission cross-section 
2 
CJ f • group 2 microscopic fission cross-section 
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b) card tor the nu-fission cross-section VOf 
Col. 1-10 Any alphameric characters 
1 Col .11-20 v a f = group 1 microscopic :t'ission cross-section times 
average number of neutrons per fission 
2 Col .21-30 v O f • group 2 tt It ff " 




Any alphamerio characters 
1 
e = energy (Joule) released by one fission in group 1 
2 
e = energy (Joule) released by one fission in group 2 
•••••••••• 0 I). 
37: LIST OF ISO'roPES WITH FISSION YIELDS 
This set of one or more cards (2413), present only if NYL > o, speci-
fies the isotopes for which the fission-yields must be input. 
38: FISSION YIELDS 
For each isotope i declared in the list 11 there must be one or 
more cards (7E10e5) containing the fission yields yi-+ j of the isotope 
i under consideration to all fission products j, j going from NIF + 1 to 
NIF +NIP+ NAG. See Section VII. 
SELF SHIELDING FACTORS 
The data concerning the self-shielding factors, included in the card 
sets noe 39,:+-0, *-1,,i2,:.;.3,Lf1-J+5,1t6,L,;.7 are read by the program at the begin-
ning of a problem (time-step 0) and at any time-step K such as N'l'S(K) • 1 
( er .11 g LIST OF TIME STEPS WITH NEW SELF-SHIELDING DATA). 
The self-shielding factors can be directly input or calculated by the 
formulao 
( 1202) 
i • group index 
j = isotope index 
gp = polynomial degree 
Nj • number density of the isotope j in a given mesh-interval. 
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It is understood that the self-shielding factors of the isotopes and 
the groups for which no data are supplied, are all equal to 1o 
39s SELF-SHIELDING PARAMETERS 
One card (3I3, 11x, 413) 
Col. 1-3 lmS = number of self-shielding blocks. 
If NBS= 0 at the time-step o, all self-shielding factors 
are initialized to 1o 
If NBS= 0 at any other time-step, the self-shielding factors 
are initialized to the values of the previous time-step. 
Colo 4-6 NGS = number of groups for which the self-shielding factors are 
specifiedo 
Col. 7-9 NSS • number of isotopes for which the self-shielding factors are 
specifiedo 
It must be NBS O NGS O NSS (total number of self-shielding factors) 
~ KSELF. 
Colo10-20 any alphame:rio characterso 




NBL = number of blocks of polynomial coefficients 1· a J k 
If NBL = 0 at the time=step 0 9 the polynomial formula (12o2) is 
not used. On the contra:i:y, if NBL = 0 at any other time 
step, the polynomial coefficients are initialized to the values 
of the previous time-step. 
NOL• number of groups for which the polynomial coefficients are 
specified ( NOL , NG) o 
N1P = number of isotopes for which the polynomial coefficients 
are specified (NLP < NIS) o 
NGP = g + 1 • polynomial degree plus one (NGP "'-- 7). p 
It must be: NBL O NGL • NLP O NGP (total number of polynomial coeffi-
cients) ~ KP~Lo 
408 ASSIGNMENT OF THE SoSoBLOCKS 
One or more cards (24I3), present only if NBS! o, for the assignment 
of the self-shielding blocks to the regionse 
Col. 1-3 M (1) = block assigned to the region 1 
Col. 4-6 M (2) • block assigned to the region 2 
and so on up to M (NR) o 
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The block of index O is an implicitly defined block having all the self-
shielding factors • 1 o 
41: LIST OF GROUPS WITH SELF-SHIELDING FACTORS 
One card (24I3), present only if NBS Jo, specifying the NOS groups for 
which the self-shielding factors are inputo 
42·: LIST OF ISOTOPES WITH SELF-SHIELDING FACTORS 
One or more cards (24I3), present only if NBS 1 o, specifying the in-, 
dexes of the NSS isotopes for which the SoSo factors are ~ven. 
43g SELF-SHIELDING FACTORS 
This set of cards (7E10.5), present only if NBS 1 o, must be repeated 
as many times as the number of blocks NBS. 
For each block, NGS setsof cards must be supplied, following the order 
given in 41 o 
Each of the NGS sets contains NSS self-shielding factors, following 
the order given in 42. Start with a new card when changing groupo 
44: ASSIGNMENT OF THE BLOCKS OF POLYNOMIAL COEFFICIE:NTS 
One or more cards (24I3), present only if NBL 1 o, for the assignment 
of the self-shielding polynomial coefficients to the regions. 
Col. 1-3 
Col. 4-6 
N (1) • block assigned to the region 1 
N (2) • block assigned to the region 2 
•••ooooooooa1,o 
and so on, up to N (NR)o 
If a region is given the block o, its self-shielding factors are not 
calculated by the formula (12o2), but keep the explicitly input valueso 
45: LIST OF GROUPS WITH POLYNOMIAL COEFFICIENTS 
One card (24I3), present only if NBL 1 o, specifying the NOL groups 
for which the polynomial coefficients are inpute 
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46s LIST OF ISO!IOPES WITH POLYNOMIAL COEFFICIENTS 
One or more cards (2413), present only if NBL /. o, specifying the in-
dexes of the NLP isotopes for which the polynomial coefficients are giveno 
47: POLillOMIAL COEFFICIENTS 
This set of cards (7E10o5), present only if NBL /. o, must be repeated 
as many times as the number of blocks NBLo 
For each block, NOL setsof cards must be supplied, following the order 
given in i2_ o 
Each set is made up of NLP cards, one per each isotope, containing the 
polynomial coefficients of the isotopeo 
~- The specification of the polynomial coefficients for a given group 
and a given isotope, overrides the specification of the self-shielding 
factors previously made with the sets 40 through 430 
48: SHUFFLING LIST 
The program reads this set of cards ( 4 (4I4,2X)) at a-q time step X: 
such that NFU(K) • 1.(See card set noo12g LIST OF TIME STEPS WITH SRUFJ'LIBG)o 
On the first card: 
Col. 1-4 P R1 = left boundaxy of the segment whose number densities are to be replaced. 
Col. 5-8 P R2 "' right boundary of the same segment ~ R1 <I>R2). 
Col .9-12 P T1 = index of the region whose initial number densities are to be 
transferred in the above specified segment, if the field 
13-16 is blank ( 1 ,s_p T1 ~ NR) • 
• left boundary of the segment whose number densities are to 
be translated mesh-interval by mesh-interval in the above 
specified region. If this integer has a minus sign, the 
segment undergoes a 180° rotation before being translated. 
Col.13-16:P T2 • blank if the first option in Colo9-12 is checked. 
• right boundary of the se~ent to be translated. 
In this case it must be Ip T11
1 
< :p T2 





• .P R2 - Pn1 
no overlapping 
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Col. 17-18 These columns are ignored • 
. . . . . . . . . . . . . . 
and so on, using as many fields and as many cards as necessary and each spec-
ification being divided from the successive one by a 2·column alphamerio 
field as in Col. 17-18. 
We remind that only the number densities of the burnable isotopes are involv-
ed in a shuffling. 
A blank card indicates the end of the shuffling list. 
!:!.:_ - It is to be pointed out that the minimum required by the program for 
each of the card sets "CONTROL DATA", "LIBRARY DATA", "SELF-SHillLDING 
FACTORS", "SllUFFLIIID LIST" is a single blank card. In this last case 
the above data are not changed or shuffling does not take place al-
though these possibilities were foreseen in the card sets from 2. to 
12. 
We resume here, for control's purpose, the format of an input deck for 
a lifetime problem: 
1 : TITLE CARD 
2: GENERAL PARAMETERS 
)g OPTIOBS 
4a MISCELLANEA 
5a BOUNDARY CONDITIOBS 
6: TIME STEPS FOR XENON ITERATION 
7: POWER SPECIFICATION 
( *) 8: LIST OF TIME STEPS WI TH NElf BUCILINGS ( ONLY IF NORINT > 0) 
I 
(*) 9: LIST OF TIME STEPS WITH NEW CONTROL DATA (ONLY IF NORIN'!' > 0) 
(*)10: LIST OF TIME STEPS WITH A NEW LIBRARY (ONLY IF NORINT > 0) 
(*)11: LIST OF TIME STEPS WITH NEW SoSoDATA (ONLY IF NORilfT > 0) 
( * )12: LIST OF TIME S TBPS WITH SHUFFLING ( ONLY IF NGRI:N'l' > 0) 
(*)13i SUBSTEP DIVISION (ONLY IF NORINT > 0) 
(*)14s TIME STEP LENGTHS (ONLY IF NORINT > 0) 
15: X i SPECIFICATION 
16: MESH INTERVAL SPECIFICATION 
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17: REGIOI DESCRIPTION 
18& PARAMETERS FOR NUMBER DENSITY SPECIFICATION 
(*)·19: LIST OF ISOTOPES WITH NUMBER DENSITIES GIVEN PER RmION 
(only if NEC >0} 
(*) 20: NUMBER DENSITIES PER REGION (only if NEC> 0) 
(*) 21: NUMBER DENSITIES PER MESH INTERVAL (only if NEMIR > O} 
22: BUCKLING$ 
23; CONTROL DATA PARAMETERS 
(*) 24: DILUTED POISON DATA {only if NCON • 1) 
(*) 25: RODDED POISON DATA (only if NCON = 1) 
(*) 26: WATER DEPENDENT POISON DATA (only if NCON = 1) 
(*) 27: CONTROL BUCKLING DATA (only if NCON = 1) 
( *) 28: DOPPLER EFFECT DATA ( only if lIDOP > 0) 
( *) 29 8 WATER EFFECT DATA ( only if NWE > 0) 
(*) 30: DATA FOR THE RESONANCE GROUP WATER REMOVAL (only if NWR> o) 
(*)31; POWER EFFECT DATA (only if IWTR ! 0) 
32: LIBRABY PARA111ETERS 
( *) 33: LIST OF ISOTOPES WITH O. , O , o ( only if :NLL >o) 
.. r a r 
(*) 34; VALUES OF at p 9 o (only if NLL> 0) r a. :r 
(*) 35: LIST OF ISOTOPES WITH O f' VO f' e (only if NFL >o) 
(*) 36: VALUES OF of, vof', e (only if NFL> O} 
(*)37: LIST OF ISOTOPES WITH FISSION YIELDS (only if NYli> 0) 
(*)38: FISSION YIELDS (only if NYL), o) 
39: SELF SHIELDING PARAMETERS 
(*) 40: ASSIGNMENT OF THE SoSoBLOCICS (only if NBS > 0) 
( *) 41 : LIST OF GROUPS WITH SELF-SHIELDING FACTORS ( only if NBS > 0) 
(*) 42: LIST OF ISOTOPES WITH SELF-SHIELDING FACTORS {only if NBS >0) 
(*) 43: SELF-SHIELDING FACTORS {only if' NBS > o) 
(*)448 ASSIGNMENT OF THE BLOCKS OF POLYNOMIAL COEFFICIENTS 
(only if NBL > 0) 
(*) 45: LIST OF GROUPS WI'l'H POLYNOMIAL COEFFICIEITS (only if' ?IBL > 0) 
(*) 46: LIST OF ISOWPES nTH POLYNOMIAL COEFFICIEffl 
(only if' NBL > 0) 
(*) 47& POLYNOMIAL COEFFICIENTS (only if NBL > o) 
48: SHUFFLING LIST 
(*) - The sets with* may be omitted according to the correspondent 
optiono 
(**) - The card sets below 21 must be present at the beginning of' the 
problem and moreover can be given at each successive time,,ostep 
according to the correspondent option on card sets 9 through 12. 
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APPENDIX A - PROGRAM RES'l'RIC'l'IONS 
tions: 
The present version ofSQUIHREL(October 1968) has the following restric-
Maxi.mum number of fuel isotope KIF = 6 
" " " fission products KIP= 5 
" " 
It isotopes KIS = 30 
It 
" " burnable isotopes KIV == 13 
" " " groups ICNG = 4 
" " " mesh points KNP = 500 
" " " regions ICNR = 100 
" " 
n polynomial coefficients KPOL = 1000 
" 
It 
" time - steps KRINT = 100 
" " " self-shielding factors KSELF • 1000 
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APPENDIX B - PERIPHERAL UNIT CONFIGURATION 
Logical unit Physical unit Function 
2 tape or disk to store the atomic dens-
ities per mesh interval 
5 input 
6 output 
1 card punching 
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1 BILODEAU, CADWELL, DORSEY, FAIREY, VARGA "PDQ-An IBM-704 Code to solve 
the two-dimensional few-group neutron diffusion equatio~" WAPD-TM-70. 
2 BOHL, VARGA "On estimating rates of convergence in multigroup diffusion 
problems" WAPD-TM-41. 
3 CONSOLE, DANER!, SALINA "EREBUS, a multigroup diffusion-depletion pro-
gram in two dimensions for the IBM-360" FN-E-88. 
4 DANER!, MAGGIONI, SALINA "TRITON , A Multi~roup Diff'usion-Depletion 
Program in Three Dimensions tor IBJi!-360" FN-E-97. 
5 HENDLEY, MANGAN "CNCR-2-A - A one dimensional few group depletion Code 
for the IBM-7090, which includes the effects of water density variations 
on neutron moderation" W~AP-6058. 
6 SALINA "CONDOR-2, a few group two dimensional program for the evaluation 
of water reactor long term reactivity changes" FN-E-95. 
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cassoli and M. Console in connection with the developnent of 
the physical modelo 
The patient work of the Officio Corrispondenza, FIAT, in the 
typewriting this report, is deeply acknowledged. 
A special mention is due to Ao Benincasa for his excellent 
work in typewriting the special symbols of the fo:nnulae. 
CASO CANDLE RICERCA VELENO )If,_,-.fOFNTE OALL'ACQUA 
CYLINDRICAL GFOMfTRY 
NUMBER OF GROUPS= 4 
NUMBFR OF PEGTONS= 3 
NUMBER OF ISOTOPES= 20 
NUMBER OF FISSILE ISOTOPE= 6 
NUMBER OF LUMPEO FISSION PRODUCTS= 1 
PAGE 1 
LAST TIME STF.P= 6 
LAST MESH POI~T= 39 
NJMBER OF RUR~ABLE ISJTJPES= 13 
NJMBER OF SI'1GLE FISSION PRff)tJCTS= 4 
U-?38 IDENTIFICATION NO.= 3 1-135 IDENTIFICATION NO.= 9 
XE-135 IDENTIFICATION NO.= JC ~AX. NUMRFR OF CRIT. SEARCH IT.=310 
MAX. NIJMBEf' OF EIGENVALUE IT.= 20 
MIN. OR CONV. EI3ENVALUE= 1.nooooE 00 
SEARCH CONV. CRITERinN= l.OOOCDE-04 
PJINTWISE CONV. CRITERION= 1.00300E-04 
XENON CONV. CRITERIO,= l.OOGOOE-02 
REFERENCE FULL POWER DENSITY= 7.38195E 01 
BUCKLING GIVEN BY GROIJP 
FNTHALPY AXIAL FORMULATION 









CASO CANDLE RICERCA Vfl[NO OIPtNDENTE OALL'ACQUA 
BOUNDARY CONDITIONS 
PAGE 2 
GROUP LEFT BOJNOARY RIGHT BOU'JDAl Y 
ALPHA BETA ALPHA BETA 
1 o.n l.OOOOOE 00 l.COO:>OE Ot• 0.;) 
2 o. 0 l • 0 0 0 00 E C' 0 1.0:>oooE no 0 ,, • '.J 
3 o.o 1.00000F 00 l.OOOOOE !''fl 3.) 
4 o.n l.OOOOOF no 1.000:>0E 00 o.o 
POWER{W) LFNGTH(H) NJ.SUBSTEP NFW BUCK. NEW CON. DATA \lEW '....1BRA~Y \JEW S.S. FACTORS 
7.31275E 05 - -
7. 31275E 05 l.COOOOf 02 l NO YES '40 \IJ 
7.31275E 05 l.9000CIE 03 1 YES NO \lO NO 
7.31275E 05 2.00COOF 03 1 NO NO YES NO 
7.31275E C:5 2.ooonoE rn l NO NO NO YF.S 
7. 31275E 05 2.nooooE 03 1 NO NO ~o \13 









CASO CANDLE RTCFRCA VFl[~O ~IPENnFNTf 0All 9 ACQUA 
MfSH PNT MESH PNT 11ESH 1>NT 
2. RC77 21 n.B467 21+ 2.246~ 39 
DISTANCE PNT OISTA"KE -P~ff DIST/\NCF PMT f'!STANCF PNT OISTMK F P'H DISTA\l:E E!.\IT 
2.8077 2 5. f;J 5/T 3 8.4731 4 11.??-Cf' r:: l4.!?3R5 6 16.8462 7 ., 19.6539 8 22.4616 () ?5.?693 1 p 2t~. C77~ 11 3l:.8847 1? 33.6924 J 3 36. 5COC 14 3<J.3f~77 1:, /~2.1154 16 ft 4. 0 2 31 17 47.73L'f< 18 50.5385 19 53.3462 2c, 56.1530 ?l :, 7. CVC6 22 '>7.8473 23 5B. 691tC 24 6(.9405 25 63. 187f ?6 65.Li·335 ? .., A7.:.">799 2E e,.9264 ?. 9 72.172':) 3) 7't.4194 3 l 76.6659 32 78.9124 3~ rn.15sq 34 8?i.4J54 35 85.,{:519 36 87.8984 37 9('. 1449 38 9?., ?Cil3 39 












9.90625f 03 9.J6475F 02 1.5qo44E r4 
VOLUMF 
2.47657E !":l 7. 4?97] f 01 l.23829E C2 
3.71485E 02 4.21016E 02 4. 70547E 02 
7.18203f t,2 7.67735:. )2 8.17266E :n 
3.05492[ 02 3. tl9996E 02 8. 4432 7F ez 
1. 00287F 03 l.C'345f1E 03 1.06629[ (3 
1. 2 2484f 03 1.25655[ 03 1. 2PB 26( <!3 
PAGE 4 
l.7336CE C? 2.2289lE :..12 2.7242?F 02 1.21953F 02 
5.2:)078[ 02 5.6961JE 02 6. 191"+ lE Cl 6. 686 72E c,2 
8. !:,:, 797E 02 9.l6328E ~Z 9.6586'."lF :;2 3.J1987E 02 
8.76036£ 02 9.':17746F. 02 9.3q455f ")2 9.7116-SF r,z 
l.:l98ctE 03 l.12971E 03 1.16142[ 03 l.19313F f.11 
PAGE 5 
CASO CANOL E RICERCA VELENO DIPtNDENTE DALL' AC QUA 
ISOTOPE ISOTOPE CAPTURE CAPTURE DECAY FISSILE FISSI:J~ DECAY t\TOMfC 
NAME NUMBER PARENT 1 PARENT 2 PARENT ISOTOPE PRODUCT CONSTANT WEIGHT 
U-235 1 (' 0 ... YES '10 o.c 235.117 ., 
U-236 2 l J 0 YES '10 o.o 236.120 
U-238 3 0 :) 0 YES '40 o.o 238.125 
PU-239 4 3 0 C' YFS '40 c.e 239.127 
PU-240 5 4 0 0 YFS 'JO P. (1 240.129 
PU-241 6 5 n 0 YES '10 l.664E-09 241. 131 
PM-149 7 0 0 ·J NO YES 3.630E-06 149.000 SM-14Q 8 (i (i 1 NO YES o.o 148.964 
I-135 9 0 C j NO YES 2.870E-05 135.000 
XE-135 1 (; 0 0 9 NO YES 2.lOOE-'l5 135.000 F.P.-1 11 (\ (; 0 NO YES* (). 0 o. 0 
B.P.-1 12 f\ 0 :, NO \JO o. a o.o 
B.P.-2 13 r, 0 :) NO '10 n.o o. 0 
*LUMPED FISSION PRODUCT 
CASO CANOLf RICFRCA VFLFNO OIP~NOENTE DALL'ACQUA 
RFGION ATOMIC DENSITIES 
-
ISOTOPE ' ? 3 4 
. •. '.'~ 
L 
t'; PEGION 
l 3.l4361F-04 c.o 7.t8C08E-03 O.G c.0 
2 0.0 o.o o.o D.0 iJ. 0 
































REGION ATOMIC DENSITIES 
11 12 
o.r 











































CASO CANDLE RICERCA VELENO OIPtNDENTE OALL•ACQUA TIME STEP 0 TIME= O.O 
MESH 
GROUP INTERVAL BUCKLING 
1 1- 7 4.69700E-:34 4.69700E-04 4.6970::>E-04 4.69700E-J4 4.b9700E-04 4.69700E-04 4.69700E-04 
1 8- 14 4.69700F-04 4.69700F.-04 4.69700E-34 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 
l 15- 21 4.6970f\E-::>4 4.69700E-C4 4.6970JE-:>4 4.69700E-:H !+.5970:>E-:>4 4.69700E-04 4.69700E-J4 
1 22- 28 4.69700E-:>4 4.69700E-04 4.6970JE-J4 4.69700E-04 4.6970:>E-04 4.69700E-04 4.69700E-04 
1 29- 35 4.6970CE-04 4.69700E-04 4.69700E-04 4.69700E-'.>4 4.69700E-04 4.69700E-04 4.69700E-04 
1 36- 38 4.69700E-04 4.69700(-04 4.69700E-04 
2 1- 7 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-J4 4.6970JE-04 4.6970~E-04 4.6970()E-04 
2 8- 14 4.697<'0E-04 4.69700E-04 4.6970:>E-04 4.69700E-)4 4.6970::JE-04 4.69700E-04 4.697006-+04 
2 15- 21 4.69700F-04 4.69700E-04 4.69700E-04 4.69700E-04 4.6970:>E-04 4.69700E-04 4.69700E-04 
2 22- 28 4.69700E-04 4.69700E-04 4.69700E-04 4.697(H}E-04 4.69700E-04 4.697CWE-04 4.697006-04 
2 29- 35 4.69700E-04 4.S9700F-04 4.69700E-04 4.6970DE-J4 4.5970:lE-04- 4.69700E-04 4.69700E-O~ 
2 36- 38 4.69700E-04 4.69700E-04 4.69700E-04 
3 1- 7 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-:J4 4.69700E-04 4.69700E-04 4.69700f:-04 
3 8- 14 4.69700E-J4 4.69700E-04 4.6970:>E-04 4.69700E-)4 4.6970'.lE-04 4.69700E-04 4. 69700 E-04-
3 15- 21 4.69700E-:>4 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-C4 4.69700E-04 4.69700E-04 
3 22- 28 4.69700F-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-Or+ 
3 29- 35 4.6970ClE-:l4 4.69700E-04 4.69700E-04 4.69700E-J4 4.69700E-04 4.69700E-04 4.69700E-04 
3 36- 38 4.6970l"E-04 4.69700E-04 4.69700[-04 
4 1- 7 4.69700E-04 4.697GOE-04 4.69700E-04 4.69700E-J4- 4. 6970) E-:)4 4.69700E-04 4.69700E-04 
4 8- 14 4. 69700E- 04 4.~9700E-04 4.69700E-04 4.69700E-J4 4.69700E-04 4.69700E-04 4.69700E-O"' 
4 15- 21 4.69700E-04 4.69700E-04 4.6970:>E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 
4 22- 28 4.69700[-04 4.69700F-04 4.fi97CiOE-04 4.69700E-C4 4.69700E-04 4.697C'OE-04 4.69700E-04 
4 29- 3 5 4.69700E-D4 4.69700E-04 4.69700E-D4 4.69700f-04- 4.69700E-04 4.69700E-04 4.69700E-04 
4 36- 38 4. 6970(1£-04 4.69700E-04 4.6970:>E-04 
CASO CANDLE RICFRCA VELENO DJPLrlDENTE DALL'ACOUA 
***WATER DEPHlflENT SEARCH 
DILUTION FACTOR= 1.ooucnE OU 
MESH 



















1.oooooE-02 (~. 0 
o. 0 
c.o 
ROODED POISON REGfLN LEFT BnUNOARY= 1 
ROOOED POISON REGION RIGHT BOUNDARY= 21 
ROOOED POISON X-SECTION= l.oonooE-C2 
l.UC.;~OGE-02 
1. ~·0)0(',f-{;2 






0 • ') 0.n 
MIN. VALUE OF THF WATER DEPENDENT POISON CnNTROL PARAMETER C= 0.j 
PAGF lfl 
TIMF STEP 
1. £Q r.:,cf1E-(? 




FIRST APPROX. OF THE WATER DEPENDENT POISnN CONTROL PARAMETFR C= 5.0000DE-)1 
MAX. VALUE OF THE WATEP OFPFNDENT POISON CONTROL PARAMETE'.il C= l.G~OGOF 00 
COEFFICIENTS FOR CALCULATING WATER OEP. POISON X-SECTION 


















D • !' 












CASO CANDLE RICERCA VELENO OIP .. i~DENTE OALL' ACQUA 
REGION 
1- 3 
RfGIONWISE EXPANDED CONTROL BUCKLING 
2.00000E-04 2.00000E-04 2.00000E-04 
PAGE 11 
TIME STEP 0 TIME= O.O 








2. 28344E 00 











TI MF STEP 0 TIME= o.n 
CASO CANDLE RICERCA VELENO D1PLd0ENTE 0All 1 ACQUA 
REGION COEFFICIENTS FOR CALCULATING WATER DENSITY EFFECT 
1 l.OOOOOE on 0. o o.o o.o 
2 1.00000F no O.J o.o o.o 
3 1.00000E 00 o.o o.o o. (i 
PAGE 13 
TIME STEP 0 TIME= O.O 





COEFFICIENTS FOR CALCULATING WATER REMOVAL X.SECTION 
2.06B71E oo o.o o.n o.o 
2.06871E 00 0.0 D.O O.O 
2.06871E 00 O.O O.O O.O 
PAGE 14 
TIME STEP· 0 TIME= O.O 
PAGE 15 









INLET ENTHALPY= 1.00000E 00 SATURATION ENTHALPY(HSATJ= 2.00000E GO 




o.o o.o o.o ABOVE HSAT BELOW HSAT 
~ONVERSION FACTOR FROM POWER TO ENTHALPY 












CASO CANDLE RICERCA VELENO DIPtNDENTE OALL'ACQUA 
GRJUP 1 MICROSCOPIC NUCLEAR DAT A 
IS. NAME IS NO TRANSPORT ABSDRPTION REMOVAL FISSIJN 
U-235 1 5. 3q5 3<:'lf (\!1 l.24599E 00 1. 386t13E ) 0 l.12783E 00 
U-236 ? 4. 9l 534E CCI 8.17762E-Ol 1. 74107E 00 o.o 
U-238 3 4. 54 74 7[ co 4. ,tJ 383E-Pl l.68976E CO 3.77553E-Ol 
PU-239 4 4.87028F no 1.93JlOE 00 1.48661E 00 l.90433E 00 
PU-240 5 6.18542F 00 ?.'.'>4540E 00 l.38204F 00 o.o 
PU-241 6 6 .. 27978E 00 2.C9896E 00 l.55526E Ou 1.72046E OJ 
PM-149 7 l'. n (.t. 8 o.o 
SM-149 8 3. 88?89[ 00 o. n 2 • 81 9"t 8 E O 0 
I-135 9 fi. 0 (!. 0 o.o 
XE-135 lC 3. 8R?89F. CO J.) 6. 71204E :rn 
F.P.-1 11 n .. n 0.0 5.57531E-J4 
B.P.-1 12 ('. 0 {). (.! n.o 
R.P.-2 13 c.o (•. 0 o.o 
~ATEP 14 2.0n527E 00 3. 83 856 F-05 l.50293f 00 
OXYGEN 15 1.30441E ro 3.43082£-02 2. 56l<J8E-:n 
IP.ON 16 2.111nRE r-o 2.?7758F-03 4.56529E-Ol 
:: HROMI UM 17 2 .. 4826 t1E 00 6.88100[-03 9.91301[-)l 
COPPER 18 2 .. 78243E (,O 5.5990GE-03 8.39895E-)l 
ALUMIN 19 2. 556 78E 00 2. 39 878F-U2 4. 35264f.-Q l 
HYDROGEN 20 2. 00527F 00 3.83856E-05 1.5t'293E 00 
GROUP 2 MICROSCOPIC NUCLEAR DATA 
IS. NAME IS NO TR!,NSPDRT A8SORPTI ON REMOVAL FISSIJN 
U-235 1 0.60675[ co 2.CR924F on -8. C32t+OE-:n 1.6358BE no 
U-236 2 8. 356 76F 00 2.9t,'514E-01 4.74118E-02 o. Ct 
U-238 3 8.33218[ 00 2. f.9433E-Ol -8.27630F-l2 3.69589E-04 
PU-239 4 7.66433F 00 2. 3:; 383E GO -3.62070E-01 l.86853E CO 
PU-240 5 1.04441)[ 01 2.1R842E 00 -3.89020E-Ol o.o 
PU-241 6 l.1369RE Dl 3.36516E CO -8.06430E-Ol 2.75832E OJ 
PM-149 7 {~ .. 0 0.;) o.o 
SM-149 8 7. 5229RE 00 2.918H)E-Ol 2.11461E 01:) 
I-135 9 r. o O.J o.c 
XE-135 10 7. 86 5 6 3 E O 0 o.o l.0('1681F 01 
F.P.-1 11 (j. 0 o.o 2.78765E-04 
B.P.-1 12 (;. 0 o.o o.o 
B .P .- 2 13 (,. 0 n.n o.o WATF.R 14 3. 35166F eo l.88325E-04 2.16876E 00 
OXYGEN 15 3.6134'tE 00 O.D 9.16756E-02 
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r, • D 
3.17200f-ll 
3 • 31 1 3 GE -11 
o.o 
3.31130E-11 
CASO CANOLF RICERCA VFLENO DIP~~DENTE DALL'ACQUA 
IS. NAME 
IRON 































































3. '+6097E Cl 
l. 71277f Cl 
1. 29622£: C<l 
Lt.9769CE 01 
5. 75494E 02 
5. 85711 F (,1 
'-'• C 






5. 97765F: 00 




5. 93333F CO 
5.97765F en 














G~OUP 3 MICROSCOPIC NUCLEAR DATA 
ABSORPTION PFM!1VJ,L FISSIJ\J 
3.61059E 01 -1. 5163CE Cl 2.38060E Jl 
2.27764E 01 -l.1796nc :n o.o 
o.o -5.40640[-ll C. 0 
5.0J038E 01 -2.C73H;F 01 2 .. 95463E Ul 
5.79251E 02 -4.2283PE 02 o.o 
6.69255E 01 -3 .. 32650E :11 5.33247f 01 
o.o o .. o 
2.61097[ 02 -1.82210E 02 
:) . ) c.o 
2.97220E 02 -2. 2653"'E 02 
2.71375E 01 -R.4219fJE 00 
o.o o.o 
o. 0 n.n 
l.17496E-02 0 n . ·-· 
o.o 3. 620 7:'iE-0?. 
9.lq794E-02 -5. 3823;1E-OZ 
l.75199E-01 -9.1482/'E-02 
8.32050E-02 -4.487fl()f-)2 
9. 3089BE-CH -4. 7R28()E-Jl 
1.17496f-G2 2. C'f:871 E 00 
GROUP 4 MICROSCOPIC NUCLEAR DATA 
TRANSPORT ABSORPTION REMOVAL FISSIJN 
3. ll 5At:•E !12 6.2797qf 02 o.n 5.3272:JE C2 
PAGE 17 
TIME STEP n TIMF= n.o 
t.JUF!SSION 
\JUFISSION 










3. ?.)56"1f-l l 
I). '.J 
c.n 






CASO CANDLE RICERCA VELENO DIPL~OENTE OALL'ACQUA TI ME STEP. 0 TIME= o.n 
GROUP 4 MICROSCOPIC NUCLEAR DATA 
IS. NAME IS NO TRANSPORT ABSORPTION REMOVAL FISSIJN \1JFISSION ENERGY/FI SS 
U-236 2 1. 21493 F. en 6.00000E 00 o.o o.o o.o 0. () 
U-238 3 1. 03953E 01 2. 72973E 00 o.o o.o o.o C·.O 
PU-239 4 7.70166f 02 2.27302E 03 o.o l.47623E 03 4.26689F 03 3.31130E-11 
PU-240 5 l.61786E 02 3.48217E 02 o.n (;. 0 o.o o.o 
PU-241 6 8.80190E 02 1.93287£ 03 o.o 1.36478E 03 4.l2284E 03 3.31130E-ll 
PM-149 7 o.o e.0 o.o 
SM-149 8 2.3119(lf 04 1.04865E 05 o.o 
t-135 9 o.o o.o o.o 
XE-135 10 l.28256f 06 3.22521E 06 o.o 
F.P.-1 11 5. 49764E J 1 l.11855E 02 o.o 
B.P.-1 12 (,. 0 o.o ('. (J 
B.P.-2 13 o.o o.o o.o 
WATER 14 l.31943E Ul 3.31992E-Ol o.o 
OXYGFN 15 3.57901F 00 2.00000E-04 (\. 0 
IRON 16 1.10865E C>l 2. 52986E 00 o.o 
CHROMIUM 17 1. 79608E 01 4.60025E 00 o .. o COPPER 18 4.19272F 00 2.90006E 00 o.r 
Al UMIN 19 8. 712 70E on. l.31992E 01 o. 0 
HYDROGEN 20 l.31943E 01 3.31992E-Ol o. (\ 
<!:./· 
CASO CANOL f R ICEPCA VELENO DI Pl:.~DENTE DALL' AC QUA 
LIRRARY FISSION YIELDS 
FISSION PRODUCT 7 Pt"-149 8 SM-149 9 I-135 
flSS tl E I SO TOPE 
NAME NO 
u-235 l 1.13000E-02 o. () 6. ZOCH)OF-02 
U-236 2 (\. 0 0. () 0. () 
U-238 ~ 2. ooncoE-O 2 o.o 6. 2COOOE-O 2 
PU-239 4 1.A9000E-02 o.o 7.00000E-02 
PU-240 5 0.0 0. :> (J • C 








TIME STEP fl 
11 F.P.-1 
l.OOOOOF O. 





CASO CANDLE RTCERCA VELENO DIPFNDENTE DALL'ACQUA 
SELF-SHIELDING FACTOPS SPECIFIED FOR THE FOLLOWING ISOTOPES 
14 WATER 15 OXYGEN 16 IRON 17 CHROMIUM 18 COPPER 
4 PU-239 5 PU-240 6 PU-241 8 SM-149 lD XE-135 




TI'4E STEP 0 
1 U-235 
TIME= 0.3 
2 U-236 3 U-238 
BLOCK 
1 4 1.t6930E 00 9.76610f-Ol 9.80940£-Cl 9.80940E-01 9.~D940E-Ol 9.80940E-Dl 8.77480E-Ol 
8.~2llOE-01 B.R2110E-Ol R.98960F-Ol B.94710[-Vl 8.90770E-01 8.97tl30F-Ol R.85870[-0l 
8.82110E-Ol 












TIME STEP C TIME= o.n 














TIME STFP n TI~F= o.n 
CASO CANDLE RICERCA VELENO DIPENDFNTF DALL'ACQUA 
ATOMIC OENSITIFS OF BURNARLE ISOTJPES 
ISOTOPE 1 U-235 2 U-236 3 U-238 4- PU-239 5 PIJ-24:) 
MESH 
INTERVAL 
1 3.14361F-f'+ r~ ,~ 
.. •.' 7.08CH.18E-03 (). 0 :-+.o 2 3 • 14 3 61 E - c,,t o.o 7.'.i?Cf\8E-C3 C • ,, o.o 
3 3.14361E-C4 o.c 7.08008E-03 C • U (' • Cl 
4 3. l4361E-04 o.n 7.n8008F-G3 (i.(, n .<, 
5 3.14361E-04 o. 0 7. 08008E-03 o.c n.o 
6 3.14361E-04 o.o 7.08008E-03 o.o o.o 
7 3.14361F-04 ('l. (i 7. 08C08E-L3 0.0 c.o 
8 3.14361(-04 o.r 7. 08(108[-()3 0.0 o.o 
9 3.14361E-04 o.n 7. 0 8008E-03 [l. (' o.o 
10 3.14361E-C4 o. 0 7. 0 8CC8 E-Cl3 o.o o.o 
11 3.l4361E-C4 O. C 7.08(08F-03 o.c <J .o 
12 3.1436lf-04 o. 0 7.08('08[-03 o.o o.o 
13 3. l4361E- 04 o.o 7. 08008 E-03 0. {: o.o 
14 3. l4361E-(A- o. 0 7. (l 8 0!18 E-f'3 c,. p (;. (1 
15 3. 14361F-t4 o. 0 7. 08CORE-P3 r, • C 0.0 
16 3.14361.E-04 o.o 1. C 80CAF-{'3 [; .. 0 :: • n 
17 3.14361E- 04 o.o 7.08008E-03 (\. 0 n.o 
18 3.14361E-04 0.0 7.C'Bt'OSE-03 C • C (1 • 0 
19 3. 1436 IE-C4 o. (' 7. 08008E-t 3 (;. 0 {'. 0 
20 3. 14361E-C4 o.o 7.08008E-03 o.o f1 • 0 
21 o.o o. 0 O.D e.o (). 0 
22 (1. 0 (). 0 n.o o.o (l. (i 
23 c.c o. (1 o.o r.o o.o 
24 G.O o.o c.o c.r :} .u 
25 (). 0 o. ('I o.o f,. l' e.o 
26 c. 0 o.o o.o o.n .'.) .o 
27 (i. 0 o. (, o.o (). 0 o .n 
28 o.o O. D o. 0 j f'. c.o eU 
29 o.o o. 0 o.o o.c C' .O 
30 o .. e o. 0 o. {) 0. (', n.o 
31 c.o o. 0 0. (l :; • 0 o.o 
32 o.o o.o o.o ('. f' () .o 
33 o.o o.o o.o f!. 0 (J .o 
34 o.o o.c o.o C • (.t r.o 
35 o.o o. () o.n o. (1 r.o 
36 c.o o. 0 o.o o.o o.o 
37 o.o o.c o.o o.c t'. 0 
38 o.o o.o n. c, o.o n.o 
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TIME STEP (; TIME= o.n 
6 PU-241 7 PM-149 3 SM-149 
CJ• G !) r . ,~, " '•'i.'-,' , • .: • <..# 
o.o o.o a.o 
(,. (1 r:. r n. c, 
() "') . ,. (;. u G.G 
D • (.i o.u G ,.., . '~] 
o.o o.o o.n 
o.o G.o o •. D 
o.o o.o o.o 
o.o o.o (). o 
o •. o o. (~ o.o 
D.O n. ::-, o. 0 
o.o 0.0 o.o 
o.o 0. (\ (). 3 
o r1 . ,. c • r 0. () 
n.o o.u n.n 
o.o (-i. r d•) J.O 
o.o o. \l o.o 
J.O 0 r, •v o.n 
c~. o o.n o.n 
o.o o.o c.c 
n.o o.n (). (i 
n.o o. {'l o.o 
P.O C • ~j 0. (l 
0.0 r.1 • f'"; o.n 
o.o o. (~ O.D 
n.o ('<. :"". -...)·e L' o.a 
o.o o.n o.o 
o.c o.ec n n ,~ ...... 
0.0 c.n o.o {). 0 o.u o. (j 
o.o 0. /) o.c 
0. r) n n ..., .• -. .t O.G 
o.o n.c o. 0 
o.o r,. ('.• o.n 
o.o o. (i o.n 
o.o o. 0 o.c 
C. a o. (i o.o 
0. {} o. r: o.o 
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CASO CANOL E RICERCA VELENO DIPENDENTE OALt•ACQUA TIME STEP t_l TIME= 0.0 
ATOMIC DENSITIES OF BJRNABlE ISOTJPES 
I SO TOPE 9 I-135 10 XE-135 
MESH 
11 F.P.-1 12 B.P.-1 13 B.P.-2 14 WATER 
INTERVAL 
1 C • (l O.G n.o o.o o.o 3.01512E-02 
2 c. 0 o.o o.o o.o (). 0 3.0l512E-02 
3 o.o o.o o.o o.c Cl. 0 3.01512E-02 
4 c.r, o.o o.o o.o o.o 3.01512E-02 
5 c.o o.o o.o o. 0 o.o 3.0l512E-02 
6 c.r o.o o.o o.o o.o 3.0l512E-02 
7 C'. 0 o.o o.o o.c o.o 3.01512E-fl2 
8 C • (' o. (l 0.:) o.o o.o 3.01512E-02 
9 ('. L' O.D n.o o.u o.o 3.0l512E-02 
10 o. 0 o.o o.o o. 0 c.o 3.0l512E-02 
11 o.o o. 0 o.o 0. (\ o.o 3.01512E-02 
12 c.o o.u 0. () o.o o.o 3.D1512E-02 
13 o.o o.o o.o o.o o.o 3.01512E-02 
14 o.o o. 0 o. '.) o.o n.o 3.01512E-02 
15 o.o o.o o.o o.o o.u 3.0l512E-02 
16 r.o o.o O. D O. C o.o 3.01512E-02 
17 o.o o. 0 o.o o. () o.o 3.01512E-02 
18 o.o o. 0 o.o o.o o.o 3.lH512E-02 
19 ('. 0 o. 0 0.) n.o o.o 3.0l512E-02 
20 G.O o.o o.o o.r 0. () 3.0l512F-02 
21 o. 0 o.n o.o o.o r,. o o.o 
22 o.o c.o c.o ('. (' o.o o.o 
23 o.o o. (l (J. 0 n.o o.o o.o 
24 o.o o. 0 o.o o. f' o.o o.o 
25 o.o o.o o. 0 Cl. fj :) • 0 o.n 26 c.o o. 0 o.o o.o o.o o.o 
27 o.o o.o o.o o.o o.o o.o 
28 c.o o. 0 o.o o.o o.o o.o 
29 o.o o. 0 o.o o.o o.o o.n 
30 o.o o.o o. 0 (I. 0 o.o o.o 
31 o.o o.o o.o O. C o.o o.o 
32 n. o o. (1 e.o o.o o.o o.o 
33 o.o o. 0 o.o o.o ('. 0 o.o 
34 o.c o. ('l o.o C'. C () .o o.o 
35 o.o o.o o.o o.o o.o o.o 
36 o.o o.o o.o o.o o.o o.o 
37 C,. 0 o. 0 o.o o.c r.o n.o 
38 o.o o.o o.o c.o o.o o.o 
CASO CANDLE RICERCA VELENO OIPENDENTE OALL'ACQUA 
ATOMIC DENSITIES OF BJRNABLE ISOTOPES 
ISOTOPE l U-235 2 U-236 3 U-238 4 PU-239 5 PU-240 REGION 
1 3.14360E-04 o.o 7. 08007E-03 o.o o.o 2 o.o o.o o.o o.o o.o 3 o.o o.o o. 0 o.o o.o 
PAGE 25 
TIME STEP 0 
I 
TIME= O.O 
6 PU-241 7 PM-149 8 SM-149 
o.o (j. (l o.o o.o n.o o.o o.o o.o o.o 
CASO CANOL E R ICER CA VELENO OI Ph1DENTE DALL' ACQUA 
ATOMIC DENSITIES OF BURNABLE ISOTOPES 
ISOTOPE 9 I-135 10 XF-135 11 F.P.-1 12 B.P.-1 13 B.P.-2 
REGION 
1 o. 0 O.P o. Cl c.o o.o 
2 o.o o.o o.o o.o O.u 
3 o.o o.o o.o n.o Cl. 0 
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CASO CANDLE RICERCA VELENO OIPtNOENTE DALL'ACQUA 
WEIGHTS OF BURNABLE ISOTOPES fIN G) 
ISOTOPE 1 U-235 2 U-236 3 U-238 4 PU-239 5 PU-24-Q REGION 
l 1. 21531E 03 o.o 2.77215E 04 o.o n.o 2 o.o o. 0 o.o o.o o.o 3 o.o o.o o.o o.o o.o 
PAGE 27 
TIME STEP 0 TIME= O.O 
6 PU-241 7 PM-149 8 SM-149 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 
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CASO CANDLE R ICER CA VELENO 01 PENOf:NTE DALL'ACQUA TIME STEP D TIME= O.O 
WEIGHTS OF BURNABLE ISOTOPES (ING) 
iOTOPE 9 I-135 10 XE-135 
:GION 
l o.o o.o 
2 o.o o.o 
3 o.o o.o 














***ATOMIC DENSITIES OF TIME STEP 0 
HAVE BEEN WRITTEN ON LOGICAL UNIT 2 WITH RECORD IDENTIFICATION NO.= 1 
-, 
PAGE 29 
TIME STEP 0 TIME= O.O 









***WATEP DEPENDENT SEARCH ITERATION 1 
POISON CONSTANT C= 5.nooooE-01 
POISON THERMAL CROSS-SECTION 
5.000C0f-03 5.GOOOOE-03 5.00000f-03 
5.00000E-03 5.0COUOE-03 5.00000E-03 
5.00COCE-03 5.C00~0E-J3 s.coonnE-03 
o.o 0.~ o.o 
o.o o.n o.o 























-ER.ATION MIN. FIGENV. EIGENVALUE ~AX. EIGENV. POINT. CONV. EIGEN. CONY. FXTR. FACT1R FLUX RESIDUE DOMIN. 
1 6.963611E-Ol 
2 B.120691E-01 







10 1.0C0463E 00 
11 1.000946E 00 
12 l.002422E 00 
13 1.fiC2443E CC 
14 1. 002470E 00 
15 l.002484E 00 
16 1.002494[ 00 
NVERGENCE ATTAINED IN 
9.387994F-Ol 1.067275E 00 
9.617202=-)1 l.065339E 00 
q.7386C9E-r1 1.0606BlE or 
9.815595f-01 1.053694E er 
9.989620E-Ol l.030193F DO 
1.0V0996E UO l.008291E 01 
1.G01586E ea l.004995E 00 
1.0V1834E 00 l.004536E 00 
l.00199lf DO 1.C04189E OD 
1.002111E no 1.003B76E on 
1.or2204E 00 l.U03607E 00 
1.002496E ro 1.002113e oo 
1.C02515E 00 1.002601E on 
l.002520E 00 1.002580E 00 
1.002522F OU l.002570E 00 


















***WATEP DEPENDENT SEARCH ITERATION 2 
POISON CONSTANT C= l.OOOOOE OC 
M1':SH 

































































































CASO CANDLE RICERCA VELENO OIPENOfNTE DALL'ACQUA 

















9. 7593 74F-O 1 




MAX. EIGFNV. POINT. CONV. EIGE~. CJNV. 
9.833242E-Ol 3.84V448E-C3 2.724457E-02 
9.769502E-Ol 5.584587E-04 9.11~511E-C6 
9.762914E-Ol 2.177297E-04 6.675720E-06 
9.761119E-Ol 1.251114F-04 5.722046E-06 
9.759939f-Ol 6.260196E-05 7.62~395E-06 
9.759731E-Ol 4.913505E-05 2.861023E-06 









***WATER DEPENDENT SEARCH ITERATION 3 
POISON CONSTANT C= 5.47461E-Ol 























D • () 
5.47461E-03 
5.47461E-:J3 





TIME STEP r 


































JNVERGENCE ATTAINED IN 















6. 139 278E-06 
5.125999E-06 
6.l98883E-C:6 
2. 8'.) 141 BE-06 






































































































1. ll 393E 00 
7.14290E-Ol 
4. 43195E-O 1 
2. 21 758E 00 







2. 21 758E 00 
1. 11 393E OC 
7.14290E-Ol 
4.43195f-(il 
2. 21 758E (10 
1. 11 393E 00 
7.I4290E-Ol 
4. 43195E-01 
2. 21 758E 00 
1. 11393[ 00 
7.14290E-Ol 
4. 431 95E -01 
2. 21 758E 00 




1. 11 393E f'O 
7.14290E-Ol 
4. 43195E-01 
2. 21 758E 00 
l. l l 393E 00 




























2. 5 7n06E-03 
2. 87137E-02 
2.22602E-Ol 


























) . '.) 
2.52801E-03 
l.OOOOOE-02 
;) . () 








































































































































































8 .. 59147E-03 











































































































1. l l 393E 00 
7. l 4290E-01 
4.43195E-Ol 
2. 21 758E CO 
l. ll 393E 00 
7.14290E-01 
4.43195£-01 




2. 21 758E 00 
1. ll 393E CO 
7.14290E-Ol 
4.43195F-01 
2. 21 758E 00 








1. 11 3q3f PO 
7.14290£-01 
4. 43l 95E-(H 






















































































































































































































































































































































































1. 1L03 7E 00 
5.30827E-Ol 
3. 94t 72E-Ol 
1.95893E 00 
1. 1003 7E c:,o 
5. 30827E-01 
3. 94072E-Ol 
1. 95893E (iQ 
1. l 003 7E (•0 
5.30827E-Ol 
3. 94072E-Ol 
2. 142 54F CO 
1. 16 366E 00 
6. 231 78E-Cl 
4.0Q889E-01 
2. l4254E 00 
1. l 6366E 00 
6. 231 78E-Ol 
4.09889E-Ol 
2. 14254E rn 
1. 16 366E PO 







1. 16 366f 0(1 





























2. 9 3497E".'"03 
8.33601E-02 
7. 1531 CE-04-













































































:, • n 
o.o 
o.o 








































(' • 0 
o.o ('1.0 
o.o ('. 0 






































































































































CASO CANDLE RICERCA VElENO DIPENDF.NTE DALL'ACQUA TIME STEP 0 TIME= O.O 
,H GROUP DIFFUSION 48SORPTION DIL. POISON ROD. POISON WATER DEP. REMOVAL NEUTR PROD. ENERG PROD. 
r. COEFFICIENT X-SECTION X-SECTION X-SECTION X-SECTION X-S EC T JON X-SEC TION X-SECTION 
. 
) 1 2. 14254E 00 7.15310E-04 o.o o.c o.o 7.45060E-02 o.o o.o 
l 2 1.16366f 00 6.89081E-06 o.o ) . :, :; • J 8.24813E-02 o.o o.o ) 3 6. 231 78E-01 2.93497E-03 o.o o.o o.o 7.49403E-02 o.o o.o 
) 4 4.09889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o o.o 
L 1 2.14254E 00 7. 1 5310 E-04 o.o o.o o.o 7.45060E-02 n.o o.o 
L 2 1. l6366E OC1 s.89081E-06 ) . '.) o.o 0. (' 8.24813E-~}2 o.o o.o 
l 3 6. 231 78E-Ol 2.93497E-03 !). 0 :} • 0 C.:::., 7.49403£-02 o.o o.o 
l 4 4.0q889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o o.o 
' 
l 2.14254E 00 7. 1 53 lCIE-04 o.o o.o f~. 0 7.45060f-02 o.o o.o 
) 2 1. 16366[ 00 6.89081E-06 o.o o. 0 r.o 8.24813E-02 o.o 0.0 ) 3 6.23178E-Ol 2. 93497E-CH o.o o.o o.o 7.49403E-02 o.o o.o , 4 4. 09889E -01 8. 33601 E-02 ,.:, o.o o.o o.o o.o o.o 
-
3 l 2.14254F 00 7.15310f-04 o.o o.n o.o 7.45060E-02 o.o o.o 
~ 2 1. l6366E OP 6. 89081 E-06 a.o ).:) o.o 8.24813E-02 o.o o.o 
~ 3 6. 231 78E-01 2.93497E-03 0 I'\ . ,~. ).O n.o 7.49403E-02 o.o o. 0 
' 
4 4.0q889E-Ol 8.33601E-02 o.o o.o C .r. o.o o.o 0.0 
t l 2.14254E 00 7. l 5310E-04 o.o o.o o.o 7.45060E-02 o.o o.o 
t 2 1.16366E 00 6.89081E-06 o.o o.r o.o 8.24813E-02 o.o o.o 
t 3 6.23178E-01 2.93497E-03 o.o 0.0 Cl. 0 7.49403E-02 o.o o.o 
t 4 4.09889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o o.o 
; 1 2. 14254E 00 7.15310E-04 o.o o.o o.o 7.45060E-U2 o.o o.o 
) 2 1.16366E C'O 6.89081E-06 0 " . \) ) . :, o.o 8.24813E-02 o.o :) • 0 
5 3 6. 231 78E-Ol 2.93497E-03 o.o o.o o.o 7.49403E-02 o.o o.o ) 4 4. 09889E-01 8.33601E-02 o.o o.o o.o o.o o.o o.o 
) 1 2.14254f 00 7.15310E-04 o.o o.o o.o 7.45060E-02 o.o o.o 
) 2 1. l 6366E CO 6.89081E-06 o.o o.o o.o ,8. 24813E-02 o.o o.o 
) 3 6. 231 78E-Ol 2.93497E-03 o.o o.o o.o 7.49403E-02 o.o () . :, 
) 4 4.09889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o o.o 
r 1 2.14254E 00 7.15310E-04 o.o (). 0 o.o 7.45060E-02 o.o o.o 
r 2 1.16366F no 6.89081E-06 o.o o.o o.o 8.24813E-02 o.o o.o 
r 3 6. 231 78E-Ol 2.93497E-03 o.o o.o o.o 7.49403E-02 o.o o.o , 4 4.09889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o 0.-0 
' 
1 2.14254£ 00 7. l 5310E-04 o.o o.o o.o 7.45060E-02 o.n n.o 
i 2 I.l6366E 00 6. 89081 E-06 o.o o.o o.o 8.24813E-02 o.o o.o 
~ 3 6. 231 78E-Ol 2.93497E-03 o.o :>.o o.o 7.49403E-02 o.o o.o 
3 4 4.09889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o o.o 
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CASO CANDLE RICERCA VELENO DIPENOENTE OALL'ACQUA TIME STEP 0 TIME= O.O 
DINT DI STANCE POWER OENS. POWER DENS. P.D.AVERAGE POWER DENS. GROJPl FLUX GROUP2 FLUX GROUP3 FLUX GROUP4 FLUX 
LEFT VALUE RIGHT VALUE POINT VALUE PEAK VALUE 
1 o.o o.o l.36589E 02 l.36589E 02 1.85031E 00 l.)J333E 14 l.32198E 14 q.83175E 13 2.14761E 13 
2 2.80770f 00 l.36207E 02 l.36207E 02 1.36207E 02 l.84514E GO l.J8052E 14 l.31R29E 14 9.80429E 13 2.14161E 13 
3 5.61540E 00 1.35065E 02 l.35065E 02 l.35065f 02 1.82967E 00 9.92138E 13 l.30724E 14 9.72210E 13 2.12366E 13 
4 8.42310E 00 l.33173E 02 l.33173E 02 l.33173E 02 1.80403E 00 9.78239E 13 1.28893E 14 9.58589E 13 2.09391E 13 
5 l.12308E 01 1.30546E 02 l.30546E 02 l.30546E 02 1.76845E OD 9.58943E 13 l.26350E 14 9.39679E 13 2.0526DE 13 
6 1.40385E 01 1.27206E 02 1.27206E 02 1.272D6E D2 l.72320E CO 9.34411E 13 l.23118E 14 9.15639E 13 2.JJ099E 13 
7 l.68462E Cl 1.23181E 02 l.23181E 02 l.23181E 02 l.66868E 00 9.04847E 13 1.l9222E 14 8.86669E 13 l.93680E 13 
8 l.96539E 01 l.18505E 02 l.18505F 02 l.1850~E 02 l.6D534E 00 8.7J498E 13 l.l4697E 14 8.53010E 13 1.86328E 13 
9 2.24616E 01 l.13217E 02 1.13217E 02 l.13217E 02 l.53370E 00 8.31651E 13 l.09578E 14 8.14943E 13 1.78013E 13 
10 2.52693F 01 1.07359E 02 l.07359F 02 l.07359E 02 l.45435E 00 7.88626E 13 1.03909E 14 7.72781E 13 l.68803E 13 
11 2.80770E 01 l.00982f 02 l.00982E 02 l.00982E 02 1.36796E 00 7.41780E 13 9.77364E 13 7.26874E 13 l.58776E 13 
12 3.08847E 01 9.41366E 01 9.41366E 01 9.41366E 01 l.27523E 00 6.91499F 13 9.llllOE 13 6.77601E 13 l.4-8013E 13 
13 3.36924E 01 8.68804E 01 8.68804E Cl 8.68804E 01 1.176Q3E 00 6.38198E 13 8.40A73E 13 6.25369F 13 1.36604E 13 
14 3.65000E 01 7.9273CE 01 7.92730E 01 1.gz73re 01 1.07388E 00 5.82311E 13 7.67225E 13 5.70608E 13 1.24643E 13 
15 3.93077E 01 7.13787E 01 7.13787E 01 7.13787E 01 9.65935E-Ol 5.24293E 13 6.90759E 13 5.13777E 13 l.12232E 13 
16 4.21154E 01 6.32677E 01 6.32677E 01 6.32677E 01 8.57059E-Ol 4.64606E 13 6.12081E 13 4.55372E 13 9.Q4823E 12 
17 4.49231E Cl 5.50241E 01 5.50241E 01 5.50241E 01 7.45387E-Ol 4.03704E 13 5.31791E 13 3.95967E 13 8.65331E 12 
18 4.77308E 01 4.67730E 01 4.67730E 01 4.67730E 01 6.33613E-Ol 3.41983E 13 4.50451E 13 3.36329E 13 7.36001E 12 
19 5.05385E 01 3.87827E 01 3.87827E 01 3.87827E 01 5.25372E-Ol 2.79644E 13 3.68511E 13 2.77739E 13 6.11822E 12 
20 5.33462E 01 3.19168E 01 3.19168E 01 3.19168E 01 4.32363E-Cl 2.l6218E 13 2.86088E 13 2.22887E 13 5.09848E 12 
21 5.61539E 01 2.99130E 01 0.0 2.99130F 01 4.05219E-Ol 1.48771E 13 2.02141E 13 1.78330E 13 5.06722E 12 
22 5.70006E 01 0.0 o.o o.o o.o l.24818E 13 l.76248E 13 l.64718E 13 5.72979E 12 
23 5. 78473E 01 o. 0 o.o o.o o.o l.04382E 13 l.52180E 13 l.49733E 13 6.31829E 12 
24 5.86940E 01 O.O o.o o.o o.o 8.68886E 12 l.29856E 13 1.34183E 13 7.12297E 12 
25 6.09405E 01 0.0 o.o n.o ('!. () 5.59501E 12 8.62066E 12 9.89159E 12 7.34~46E 12 
26 6.31870E 01 0.0 o.o o.o o., 3.6l512E 12 5.69530E 12 6.99691E 12 6.02220E 12 
27 6.54335E 01 O.O o~o o.o o.o 2.32432E 12 3.74836E 12 4.82437E 12 4.49586E 12 
28 6.76799E 01 O.O o. (! o.o o.o l.49936E 12 2.45954E 12 3.27090E 12 3.l9618E 12 
29 6. 99264E 01 o. 0 o.o o.o o.o 9.67644E 11 l.60993E 12 2.19212E 12 2.20768E 12 
30 7.21729E 01 O.O o.o o.o o.o 6.24697E 11 l.05165E 12 l.45700E 12 l.49715E 12 
31 7.44194E 01 0.0 o.o o.o o.-, 4.0333:>E 11 6.85673E 11 9.62350E 11 l.00268E 12 
32 7.66659E 01 O.O o. 0 o.o o.o 2.60289E 11 4.46125E 11 6.32317E 11 6.65328E 11 
33 7.89124E 01 C:.O o.o o.o o.o 1.67699E 11 2.89384E 11 4.13249E 11 4.37927E 11 
34 8.11589E 01 O.O o.o o.o o.o l.07563E 11 l.86652E 11 2.68086E 11 2.85578E 11 
35 B.34054E 01 O.O o.o o.o o.::> 6.82260E 10 l.18928E 11 1.71567E 11 l.83463E 11 
36 8.56519E 01 O.O o.o o.o o.o 4.20897E 10 7.36282E 10 l.06565E 11 l.14269E 11 37 8.78984E 01 O.O o.o o.o o.o 2.41315E 10 4.23217E 10 6.13941E 10 6.59563E 10 
38 9.01449E 01 O.O o.o o.o ('J.) 1.09287f 10 l.91967E 10 2.78856E 10 2.99908E 10 
39 9.23913E 01 O.O o.o o.o o.o o.o o.o o.o o.o 
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CASO CANDLE RICERCA VElENO OIPENDtNTE OALL•ACQUA TIME STEP 0 TIME= O.O 
~ESH VOLUME GRP 3 U238 INTEGRATED AVERAGE POWER DENS. AVElAGE NEU GROUP! FLUX GROUP2 FLUX GROUPj FLUX 
rERVAl ABS. X-SECT POWER POWER DENS. PEAK VALUE TRJ~ SOURCE 
l 2.47657E 01 2.28344E no 3.37563E 03 1.36303E )2 l.84643E 00 l.04980E 13 l.00122E 14 l.31921E 14 9.Hllt,E 13 
2 7.42971E 01 2.28344E 00 l.00703E 04 l.35541E 02 l.83611E 00 1.)4393E 13 9.95632E 13 l.31184E 14 9.75634E 13 
3 l.23829E 02 2.28344F 00 l.65961E 04 l.34025E 02 l.81557E 00 l.03225E 13 9.84493E 13 l.29717E 14 9.64718E 13 
4 l.73360F 02 2.28344E 00 2.28429E 04 l.31766E 02 l.78497E 00 l.Ol485E 13 9.67902E 13 l.27531E 14 9.48459E 13 5 2.?.2891F 02 2.28344E no 2.87047f 04 l.28783E 02 l.74457E 00 9.91883E 12 9.45995E 13 l.24644E 14 9.26991E 13 6 2.72422E 02 2.28344~ 00 3.40807E 04 l.25102E 02 l.69470E on 9.63532E 12 9.l8957E 13 l.21081~ 14 9.00~95E 13 
7 3.21953E 02 2.28344f 00 3.88770E 04 1.20753E 02 l.63579F 00 9.30038E 12 8.87012E 13 l.16872E 14 R.69191E 13 
8 3.71485E 02 2.28344E 00 4.30079E 04 l.15773E 02 l.56832E 00 8.91678E 12 8.50427E 13 l.12052E 14 8.33341E 13 
9 4.21016E 02 2.28344E 00 4.63968E 04 l.10202E 02 l.49286E 00 8.48771E 12 8.09506E 13 l.06660E 14 7.93241E 13 
10 4.70547[ 02 2.28344E no 4.89777F 04 l.04087E 02 l.41002E 00 8.0l672E 12 7.64586E 13 l.D074IE 14 7.49223E 13 
11 5.2l078E 02 2.28344E 00 5.0696lE 04 9.7477AE 01 l.32049E 00 7.5)770E 12 7.16041E 13 9.43448E 13 7.Jl651E 13 
12 5.69610E 02 2.28344E no 5.15095E 04 9.04296E 01 l.22501E 00 6.96485E 12 6.64269E 13 8.75228E 13 6.50917E 13 
13 6.19141E 02 2.28344E 00 5.13891E 04 8.30006E 01 1.12437E 00 6.39267E 12 6.09695E 13 8.03313E 13 5.97441E 13 
14 6.68672E 02 2.28344E 00 5.03194E 04 7.52527E 01 1.01941E 00 5.79593E 12 5.52764E 13 7.28284E 13 5.41666E 13 
15 7.1R203E r2 2.28344E 00 4.83015f 04 6.72532E 01 9.ll049E-Ol 5.17980E 12 4.93934E 13 6.50741E 13 4.8407IE 13 
16 7.67735F 02 2.28344E 00 4.53573E 04 5.90794E 01 8.00322E-Ol 4.55023E 12 4.33664E 13 5.71288f 13 4.25191E 13 
17 8.17266E 02 2.28344E 00 \.15465E 04 5.08360E 01 6.88652E-Ol 3.91523E 12 3.72376E 13 4.90504E 13 3.S5696E 13 
18 8.66797f 02 2.28344E 00 3.70302E 04 4.27207E Dl 5.78719E-Ol 3.28989E 12 3.10368E 13 4.08895E 13 3.06615E 13 
19 9.16328f 02 2.28344E 00 3.23495E 04 3.53033E 01 4.78238E-Ol 2.71753E 12 2.47502E 13 3.26742E 13 2.49942E 13 
20 9.65860£ 02 2.28344E no 2.98471E 04 3.09021E 01 4.18616E-Ol 2.37431E 12 l.82062~ 13 2.43576E 13 2.00323E 13 
21 3.00987f 02 2.28344£ 00 o.o o.o o.o o.o l.36750E 13 l.89146E 13 1.71499E 13 
22 3.05492£ 02 2.28344E 00 O.O o~o n.o o.o 1.14563E 13 1.64169E 13 l.57198E 13 
23 3.09996f 02 2.28344E 00 O.O o.o 0.0 o.o 9.56036E 12 1.40977E 13 l.41928E 13 
24 8.44327E 02 2.28344E 00 O.O o.o O.) O.J 7.12740E 12 l.07826E 13 l.l6383E 13 
25 8.76036£ 02 2.28344E 00 O.O o.o o.o o.o 4.59106E 12 7.14473E 12 8.43115E 12 
26 9.07746E 02 2.28344F 00 0.0 o.o o.o o.o 2.95913E 12 4.71333E 12 5.90115E 12 
27 9.39455E 02 2.28344E 00 O.O o.o o.o o.o l.90836E 12 3.09851E 12 4.04108t 12 
28 9.71165E 02 2.28344E 00 O.O o.o o.o o.o l.23133E 12 2.03126E 12 2.72710E 12 
29 l.00287E 03 2.28344E 00 O.O o.o O.Q O.) 7.94814E 11 l.32858E 12 1.82165E 12 
30 1.03458E 03 2.28344F 00 O.O o.o o.o o.o 5.13165E 11 8.67258E 11 l.20778E 12 
31 l.06629E 03 2.28344E 00 O.O o.o o.o o.o 3.3l277E 11 5.65008E 11 7.96107E 11 
32 l.D9800E 03 2.28344E 00 O.O o.o o.o o.o 2.13659E 11 3.67189E 11 5.21992E 11 
33 l.l2971E 03 2.28344E 00 O.O o.o o.o o., l.37420E 11 2.37658E 11 3.4015BE 11 
34 l.16142E 03 2.28344E 00 O.O o.o o.o o.o 8.77602E 10 1.52559E 11 2.19497E 11 
35 l.l9313E 03 2.28344E 00 O.O o.o o.o O.l 5.50710E 10 9.61276E 10 l.38853E 11 
36 l.22484E 03 2.28344E 00 O.O o.o o.o o.o 3.30525E 10 5.78736f 10 8.38334E 10 
37 1.25655E 03 2.28344E 00 O.O o.o o.o o.o l.74884E 10 3.06862E 10 4.4534IE 10 
38 l.28826E 03 2.28344E 00 O.O o.o o.o o.o 5.43073E 09 9.53926E 09 l.38570E 10 
CORE VOLUME= 9.90625E 03 AVERAGE POWER DENSITY= 7.38195E 01 
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CASO CANDLE RICERCA VElENO DIPENL ,HE OAll'ACQUA TIME STEP f! TIME= O. r, 
FLUX WEIGHTED MACROSCOPt( CROSS-SECTIJNS 
P REG DIFFUSION TRANSPORT ABSORPTION OIL. POIS. ROO. POIS. WATER DEP. REMOVAL 
NFUTR PROD ENERG PROO TRANSVER 
COEFFICIENT X-SECTION X-SECTJON X-SECT ION X-SECT ION X-SECTION X-SECTION X-SECTION 
X-SECTION BUCKLIN 
1 2.2176E en l.5C31E-01 4.5631E-03 o.o 0 .c, c.o 
6.9612E-Ol 8.5915E-03 9.6156E-14 6.6970E-
2 1.9589E 00 1.7Dl6F-Dl 6.1336E-04 0.0 c.o :'i .o o.7845E-02 0.0 
o.o ~ .697:>E-
3 2.1425E 00 l.5558E-01 7.1531F-04 0.0 0.:) ~). 0 1.4506E-02 e.o o. 0 
6.6970E-, 
1 1.ll39f or ~.ogz4F-Ol 2.5701E-03 O.O o.o n.o 
6.7704E-02 1.2703F-03 l.6568E-14 6.6970E- 1 
2 l.1004E VP 3.0293F-C1 4.8852E-06 C.O G.L J.O 5.9968E-02 0.0 
o.o 6.6970E-
3 1.1637E 00 2.8645E-01 6.8908E-06 O.O c.o o.c 8.2481E-02 O.O 
o.o 6.6970E-
1 7.1429[-0l 4.6666F-01 2.8714f-02 2.5280E-03 2.5280E-03 l.~840E-J3 5.4191E-D2 1.8236E-02 2.3990F-13 6.6q70E-
2 5.3083F-Cl 6.2795E-Ol 5.3730E-a3 0.0 r,.~ J.O 5.13C'9E-02 o.o 
o.o 6.697::>E-
3 6.2318E-Ol 5.348QE-01 2.9350£-03 O.O o.o o.o 7.4940E-02 0.0 
u.o 6.6970E-
1 4.4320E-01 7.5211E-01 2.2260E-Ol 1.0000E-02 1.oonoe-~2 5.4746E-J3 J.o 
3.5838E-Ol 4.7106E-12 6.6q70E-
2 3.9407E-01 8.4587£-01 1.4103E-Ol 0.0 (;.' 0.0 J.O o.o 
o. I) o.697:>E-
3 4.0989E-Cl 8.1323E-Ol 8.3360E-02 0.0 (!.0 ).0 o.o 0.0 o.o 
6.6970E-
FlUX WEIGHTED MACROSCOPIC CR0SS-SECTI3NS 
I' Rf G DIFFUSION TRANSPORT ABSORPTION OIL. POIS. ROD. POIS. WATER OE::,. lEMOV!I.L 
NE UTR PROD ENERG PROO TRANSVER 
COEFFICIENT X-SECTIO~ X-SECTION X-SECTION X-S ECT IJN X-SECTIO'f X-SECTIJN 
X-SECTION x-S=CTION s~:KLIN 
T.R. 2.2176E 00 l.5031E-Ol 4.5631E-03 0.0 o.o o~o 6.9612E-02 8.5915E-03 9.6156E-14 6.6970E-
T.R. l.1139E cc 2.992~-Dl 2.5701E-03 o.o o.o a.o 6.7704E-D2 1.2703E-03 l.6568E-14 6.6970E-
T.R. 7.1429E-Ol 4.6666E-Ol 2.8714E-02 2.5280E-03 2.5280E-03 l.3840E-03 5.4391E-02 l.8236E-02 2.3990E-13 6.6970E-
T.R. 4.4320E-01 7.5211E-Ol 2.226DE-Jl l.OOOOE-02 1.:>lOOE-02 5.4746E-J3 J.O 3.5838E-Ol 4.7106E-12 6.697JE~ 
REGION INTEGRALS 
P REG. VOLUME INTEGRATED AVERAGE ABSORPTION OIL. POIS. ROD. POIS. WATER DEP. TRANSVERSE 
REMOVAL NEUTRON 
FLUX FLUX RATE ABS. RATE ABS. RATE ABS. R\TE LEAKAGE 
RATE PROO. R#\ 
1 9.9063F 03 5.3133E 17 5.3636E 13 2.4245E 15 O.O o.o o.o 
7.8909E 14 3.6Q87E 16 4.2326E 
2 9.1648E 02 1.0579E 16 l.1544E 13 6.4891E 12 U.O c,.o o.o 
1.3879E 13 7.1777E 14 O.O 
3 1.5994E 04 l.8023E 16 l.1268E 12 1.2892F 13 u.o o.o o.o 
2.se60E 13 1.3428E 15 o~o 
CASO CANDLE R ICERCA VELENO DI PENDl::,~fE DALL' AC QUA 
PAGE 3<; 
TIME STEP 0 TIME= O.O · 
REGION INTEGRALS 
> REG. VOLUME INTEGRATED AVERAGE ABSORPTION OIL. POIS. ROD. POIS. WATER DEP. TRANSVERSE REMOVAL NEUTRON FLUX FLUX RATE ABS. RATE ABS. RATE A3S. ~ATE LEAKAGE RATE PROO. RATE 1 9.9063E C3 7.0046E l 7 7.0709E 13 l.8002E 15 O.O o.o o.o 5.2254f 14 4.7424E 16 l.3989E lt 2 9.1648F 02 l.5079E 16 1.6453E 13 7.3661E 10 O.O o.o 3.0 l.lll2E 13 9.0424E 14 O.O 3 l.5994F 04 2.8443E 16 1.7783E 12 l.9599E 11 D.O 
~.o o •. o 2.2165E 13 2.3460E 15 O.O 1 9.9063E 03 S.2376E 17 5.2871E 13 l.5039E 16 l.3241E 15 l.3241E 15 7.2487E 14 2.5~54F. 14 2.8488E 16 O.O 2 9.1648E 02 l.4364E 16 l.5673F 13 7.7177E 13 C.D o.o o.o 5.1063E 12 7.3700E 14 O.O 3 l.5994F 04 3.4494F. 16 2.156Sf 12 l.Ol24E 14 P.D o.o o.o l.4396E 13 2.5850E 15 O.O l 9.9063F C3 l.1526F 17 l.1635f 13 2.5657E 16 1.1526E 15 l.1526E 15 6.3CQ9f 14 3.4209E 13 0.0 
o. 0 2 9.1648[ 02 5.5497E 15 6.0555E 12 7.8265F 14 O.O o.o ::, • 0 l.4646E 12 O.O o.o l.5994E 04 2.8640E 16 1.7906E 12 2.3874E 15 0.0 o.o o.o 7.86I7E 12 O.O o.o 
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CASO CANDLE RICERCA VFLENO DIPENOENTE OALL'ACQUA TIME STEP 0 TIME= 0.'"1 
FLUX WE I GHTED MACR OSCDPIC CROSS-SECT IJNS {POISONED SIDF ( li 2l)=REGI0N l 
UNPOISDNEO SIDE { 21, 2ll=REGI0~ 2) 
) REG DIFFUSION TRANSPnRT ABSORPTIO~ OIL. POIS. ROD. PQIS. WATER DEP. REMOVAL NEUTR PROD ENERG PROO rRANSVERS 
COEFFICIENT X-S[CTION X-SF:TION X-SECTION X-SECTIJN X-SECTIJ~ X-SECTION X-SECTION X-SECTION BU:KLING 
l 2.2176E en l.5031E-!'1 4.56?1E-C3 o.o u.r ~.o 
6.9612E-02 8.5915E-u3 9.6156E-l\ 6~6970E-( 
2 c.o o.c r·. n o.o C.D J.O o.o {). 0 0 " 
o.o 
. 
1 l. l 139E Ct 2.9924E-rl 2.5701E-03 C.O r.:> :;.c 6.7704E-02 1.2703E-03 l.6568E-14 6.6970E-0 
2 (i. C: c.o c.a f\. 0 C • r, ',). 0 
0 , ... o. 0 o.o o.o .... 
l 7.1429F-01 4.6666F-Cl 2.8714f-J? 2.5280E-03 2.5280F-03 l.3840f-Q3 5.43qlE-O? l.8236E-02 Z.3990E-13 6.6970E-O 
2 n.r o. () o. 0 (,. 0 o.o :) • 0 :) • 0 r.o o.o n.o 
l 4.4320F-01 7.52llf-Cl 2.2260E-Ol 1.ono0r-02 l.3JCOE-02 5.4746E-J3 J.O 
3.5R38E-01 4.7106E-12 6.6970E-0 
2 o.c o.o o.c o.o ('. 0 :: • 0 0.a 0.0 o.o o.o 
ROODFD POISON REGION INTEGRALS (DOJSONEO SIOE ( 1, 2l)=REGI0N 1 
UNPOISONED SIDE ( 21, 2U=REGI0" 21 
> REG. VOLUME INTEGRATED AVERAGE ABSORPTION OIL. POIS. ROD. POIS. WATER DEP. TRANSVFFSE 
REMOVAL NEUTRON 
FLUX FLUX RATF ABS. RATE ABS. RATE ABS. ~ATE LEAKAGE RATE PROD. RAT 
1 9.9C63E 03 5.3133F 17 5.3636F 13 2.4245F 15 0.0 o.o c.o 
7.8909E 14 3.6987E 16 4.2326E li 
2 r.o o.o o. 0 o.c u.o 0.0 \). 0 o.o o.o 
o.o 
1 9.9063E 03 7.0046E l 7 7.0709E 13 1.8D02E 15 r.o n.o o.o 
5.2254E 14 4.7424E 16 l.398gE lf 
2 C•.O o.o o.o o.o (;.:) o.o '). 0 n.o 
o.o o.o 
1 9.9[63F 03 5.2376F 17 5.2B71E 13 l.503QE 16 1.3241E 15 l.3?41E 15 7.24P7E 14 2.5054E 14 2.8488E 16 O.O 
2 c:.o o.o o.o o.o f".O o.o o.o 
o.o o.o o.o 
1 9.9U63E 03 l.1526F 17 l.1635E 13 2.5657E 16 l.1526E 15 l.1526E 15 6.3099f 14 3.4209E 13 0.0 
o.o 
2 o.o o.n (i. 0 (I. 0 (;. 0 o.o o.o o.o o.o 
o.o 
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CASO CANDLE R ICERCA VELE NO DI PENDE,1 fE OALL•ACQUA TIME STEP 0 TIME= 0.0 
REG. VOLUMF INTEGRATED AVERAGE ABSORPTION OIL. POIS. ROD. POIS. WATER DEP. TRANSVERSE REMOVAL NEUTRON FLUX FLJX RATE ABS. RATE ABS. RATE ABS. ~ATE LEAKAGE qATE PRO). RATf 
T.R. 2.6817E 04 5.5993E 17 2.0880E 13 2.4439E 15 O.O 0.0 a. o 8.2883E 14 3.9048E 16 4.2326E lt T.R. 2.6817E 04 7.4398E 17 2.7743E 13 l.8U05E 15 o~o o.o o.o 5.5582E 14 5.3674E 16 l.3989E lt T.R. 2.6817[ 04 5.7261E 17 2.1353E 13 1.5217F 16 l.3241E 15 l.3741E 15 7.2487E 14 2.7005E 14 3.1810E 16 O.O 
T.R. 2.6817f 04 I.4945E 17 5.5728E 12 2.8827E 16 l.1526E 15 l.1526E 15 6.3099E 14 4.3536E 13 D.O a.o 
NEUTRON BALANCE GROUP BY GRJJP 
GROUP LE FT l EAKAGE RIGHT LEAKAGF TOTAL LEAKAGE TOTAL LOSSES TOTAL PROD. 
l n.r s.q11126E 12 5.977126E 12 4.232632E 16 4.232632E 16 2 O.P 5.702248E 12 S.702248E 12 5.30363CE 16 5.303624E 16 3 O.f'; 4.435938E 12 4.435938E 12 5.067435E 16 5.067428E 16 4 (;. ('1 3.137969E 12 3.137969E 12 3.180954E 16 3.l80954E 16 
R~ACTOR NEUTRON BALANCE 
f~UMF LEFT LEAK. RIGHT LFAK. TOTAL LEAK. ABSOR. RATE TRANSV LEAK TOT. LnSSFS TOTAL PROO. TJTAL POWER TOTAL FLU> 
~8171E C4 0.0 l.92533E 13 l.92533F 13 5.62958E 16 l.69823F 15 5.63151E 16 5.61149E 16 7.3I275E S5 2.0?597E : 






























































3. 00987E 02 
3. r5492E 02 
3. Li9996E 02 
8.44327E 02 
8. 76036E 02 
CJ. C7746( f\2 
9. 39455[ 02 
9. 71165f 02 
1. 00287[ 03 
l.03458E 03 
l.06629E C'3 




1. 22484F 03 






1. 83146F 02 









5. 3 53 71 E 03 





























7 .1 7408E (\2 
l.10626F 03 














l.98135E 04 (;. 0 
c;.o 
o.o 












































































1. 94143E •04 
C.) o., 
.'.).) 
r, " ;;.; • r; 














TIME STEP 1 
FNTHALPY 
STEP 
3. 4296 lF 01 
9. H:D92E 01 
1. 8C492E 02 
2.66941E nz 
3. 48896E 02 
,~. 24953E nz 












9. 75508E 03 




n {'I 6:n 
o. (\ 
o.n 










TIME= l.OOOOOE 02 
wa.TER C>fNS. 
AVER. VALUE 
3. Ol 512F.-02 
3. D15l2E-:.12 




























































n •. ; o. [) 
o. 0 
o.o 






EXIT ENTHALPY= l.98135E 04 WATER VOLUME= 9.9C625E 03 RFACTOR AVE~AGE WATFR 1ENSITY= 3.01512E-02 
CASO CANDLE RICFRCA VElfNO OIPENOENTE DALL'ACQUA 
***WATER DEPENDENT SEARCH 
DILUTION FACTOR= 1.oooom= co 
MESH 



















l.OOGfOE-~2 1.oonooF-c2 J.r 
0.0 
o.o 
RODDFD POISON REGION LEFT BOUNDARY= l 
ROOOEO POISON REGION RIGHT BOUNDARY= 21 









f" " ~~ ._. 
:··· ~"J ; __ *. ·.3 
PAGE 43 
TIME STEP 1 
l. (V)OOOE-02 




MIN. VALUE OF THE WATER DEPENDENT POISON CONTROL PARAMETER C= G.O 
FIRST APPROX. OF THE WATER DEPENDENT POISON CONTROL PARAMETER C= 5.4746IF.-Ol 
MAX. VALUE OF THE WA TEP OF.PEMOF NT POISON CONTROL PARAMETER C= 1.1 JGOOE 00 
COEFFICIENTS FDR CALCULATING WATER OfP. POISON X-SECTION 















1. OOOOOE 00 
w.n.P. FRACTION 













CASO CANDLE R ICERCA VELENO DI PENDfNTE DALL' ACQUA 
PEG ION 
1- 3 
REGIONWISE EXPANDED CONTROL BUCKLING 
2.occocf-04 ?.OOOOOE-04 2.00000E-04 
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TIME STEP 1 TI~E= 1.00rcoE 02 
CASO CANDLE RICERCA VELENO OIPENOENTE OAll'ACQUA 
REG ION COEFFICIENTS FOR CALCULATING DOPPLER EFFECT 
l 2.28344F 00 o.c, o.n o.o 
2 2.28344E on o.o , r .. \/ '.). 0 
3 2.28344E 00 0. (" o.o o.o 
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TIME STEP l TIME= 1.nooooE 02 
CASO CANDLE RIC[RCA VFLENO DIPENO~NTF DALL'ACQUA 
RFGION COEFFICIENTS FOR CALCULATING WATER DENSITY EFFECT 
1 1.00000F 00 o.o o.o o.o 
2 l.ODOOOF on O.G o.o o.o 
3 l.00000E nn 0.0 o.n o.o 
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TIME STEP l TIME= 1.!'COOOE D2 





COEFFICIENTS FOR CALCULATING WATER REMOVAL X.SECTIO~ 
2.06871E 00 O.O 
2. 06871E 00 O. 0 








TIME STEP 1 TIMf= l.OOOOOE 02 
CASO CANDLE RICERCA VflENO DIPENDENTE DALL'ACQUA 
PAGE 4R 
TIME STEP 1 









WATER DENSITY VERSUS ENTHALPY FIT COEFFICIENTS 
3.01512E-02 O.O O.O ABOVE HSAT 
3.Cl512E-02 O.O C.O BELOW HSAT 
CONVERSION FACTOR FROM POWER TO ENTHALPY 
l.CCOOOE 00 1.riorcnE no 1.000001: on l. ONWOE flf' l .On)JUE :.0 
l.CCC'N'E ro 1.oc:oooE 00 1.oocorE or J.OtCC'::JF OC 1.cu~)~OE :H1 
l.OCPOQE C'O 1.0G0COE GO 1.coonPF n0 1. C'OCD~lE CO ?.OO)JDE JO 
l.COPOOE 01 1.00000[ C,l l .CHlCiOOE lil 1 .. NiNl OE O 1 1.CO)JOE )l 1.cn,ocF 01 1.oooooE c1 1.oooooE 01 1.0000JE 01 l.C0830E 01 
1.oonooE 01 l. OOOOOE 01 1.COOOOE 01 
1. ()()() 1'}(1f cw 
l.t)OGOOE 00 
2 • r, o o ~i 0 E o e 
l.OOPCOE lil 
1.coa:H1F 01 


























































































3. 3 4 7 81 E - 07 
3. 27227E-07 
3. l7901E-07 








I. 711 3 6E - 0 7 
I.50366E-07 
1. 294Q7E-07 


















































































o.n (\. 0 
n.o 


























1. l::> l 51E-09 
9.28984E-10 
7.64520E-JO 
































2. 20089E- ll 
l.98103E-ll 














































































































CASO CANDLE RICERCA VELENO OIPENOENTE DALL' AC QUA TIME STEP l TIME= l.OOOOOE 02 
ATOMIC DENSITIES DF BJRNABLE ISOTOPES 
ISOTOPE 9 I-135 10 XF-135 
MESH 11 F.P.-1 12 B.P.-1 13 B.P.-2 14 WATER 
INTERVAL 
1 9.19798E-09 3. 3I 253E-09 1.53226E-06 o.o o.o 3.0l512E-02 
2 9. l4657E-09 3.30777E-09 l.52369E-06 o.o o.o 3.01512E-02 
3 9.04415E-09 3. 29818E-09 l.50664E-P6 :>.o o.o 3.01512E-02 4 8. 89162f-09 3.28359E-09 l.48124E-06 o.o o.o 3.01512E-02 
5 8.69023[-0Q 3.26376E-09 l.44770E-06 o.o o.o 3.CH512E-02 
6 8. 44l67f-09 3. 23 832E-09 l.40631E-06 o.o o.o 3.0l512E-02 
7 8. l4804F-09 3.20684E-09 1. 35741 E-06 (I. 0 o.o 3.0l512E-02 
8 7. 811 77[- 09 3. l6873E-09 l.30141E-06 o.o o.o 3.01512E-02 9 7.43565E-09 3.12323F-09 l.23877E-06 o. 0 (). 0 3.0I 512E-02 
10 7.02282E-09 3.06944E-09 l.17001E-06 o.o o. (\ 3.Cl512E-02 
11 6.57667E-C9 3.00618f-C9 l.09570E-06 o.n o.o 3.0l 512E-02 
12 6.10092E-09 2.9320lE-09 l.Ol646E-06 o.o o.o 3.0l512E-02 
13 5.59949[-09 2. 84514f-09 9. 32939E-07 o. 0 o.o 3.0l512E-02 
14 s. 0765qf-09 2.74327E-09 8.45835E-07 o.o o.o 3.01512E-02 
15 4. 536 74E- 09 2.62356E-09 7.55906E-07 o.o o.o 3.01512E-02 
16 3a98517E-C9 2. 48249£-09 6. 64020E-CH o.o o.o 3.0l512E-02 
17 3. 42896E-O<J 2. 31605E-09 5.71356E-07 o.o o.o 3.0l512E-02 
18 2. 88143E-0<} 2.12131E-09 4.80134£-07 o.o ('!.0 3.01512E-02 
19 2.38097E-09 l.90564E-09 3.96751E-07 o.o o.o 3.0l512E-02 
20 2. 08378E-09 1.73740E-09 3. 47234E-(1"7 o.o o.o 3.01512E-02 
21 o.o o.o o. 0 o.o o.o o.o 
22 o.o o. 0 o.o o.o o.o u.o 
23 o.o o.o o.o o.n o.o o.o 
24 o.o o. 0 c.o c.o o.o 0 .C' 
25 o.o o.o o.o o.o o.o o.o 
26 o.o o. 0 o.o o.o o.o o.o 
21 o.o o. 0 o.o o.o o.o o.o 
28 o.o o.o o.o o.o o.o o.c 
29 o.o o. 0 o.o o.o n.o o.o 
30 o.o o.o o.o o.r, o.o o.o 
31 o.o o. 0 o.c o.o o.o o.o 
32 o.o o.o o.o I'. 0 o.o o.o 
33 o.o o.o o.o o.o o.o o.o 
34 o.o o.o o.o o. 0 o.o o. 0 
35 o.o o. 0 o.o o.o o.o o.o 
36 o.o o.o o.o o.o o.o o.o 
37 o.o o.o o.o o. (; o.o o.o 
38 o.o o.o o.o o.o o.o Ci. 0 
CASO CANDLE RICERCA VELENO DIPENDENTE OAlL'ACQUA 
ATOMIC DENSITIES OF BJRNABLE ISOTJPES 
ISOTOPE 1 U-235 2 U-236 3 U-238 4 PU-239 5 PU-240 REGION 
1 3.13396E- 04 l.87605f-07 7.07958E-03 4.33704E-07 8.71456E-10 2 o.o o.o o. 0 o.o o.o 3 o.o o.o o.o 0.0 o.o 
PAGE 51 
TIME STEP 1 TIME= l.OOOOOE 02 
6 PU-241 7 PH-149 8 SM-149 
7.22900E-I2 5.49044E-09 3. 68721E-09 o.o o.o o. 0 o.o o.o o.o 
CASO CANDLE RICERCA VELENO DIPENOENTE OALL'ACQUA 
ATOMIC DENSITIFS OF BURNABLE ISOTJPES 
ISOTOPE 9 I-135 10 XF-135 11 F.P.-1 12 8. P.-1 13 B.P.-2 
REGION 
1 4. 98Cl 7E-09 2. 5<Hl22E-09 8. 29742E-07 o.o 0. I: 
2 o.o o.r Ct. () o. 0 o.o 
3 o.o o. 0 r•. n o.o c.o 
PAGE 52 





TIME= l.OOOOOE 02 
CASO CANDLE RICERCA VELENO DIPENDENTE DALL'ACOUA 
WEIGHTS OF BURNABLE ISOTOPES (ING) 
ISOTOPE 1 U-235 2 U-236 REGION 3 U-23A 4 PU-239 5 PU-240 
1 1. 21158E 03 7. 28 370F-Ol 2.77196E 04 l.70528E ~O 3.44084E-03 
2 o.o o.o O.J o.o o.o 
3 o.o o.o o.o o.o o.o 
~ 
PAGE 53 
TIMF STEP l TIME= l.OOOOOE 02 
6 PU-241 7 PM-149 8 SM-149 
2.86619E-05 l.34514E-02 9.03135E-03 o.o o.o o.o 
o.o o.o o.o 














WEIGHTS OF BURNABlE ISOTOPES (IN Gl 
PAGE 54 
TIMF. STEP 1 TIME= l.OOOOOE J2 
.. 














***ATOMIC DENSITIES OF TIME STEP 1 
HAVE BEEN WRITTEN ON LOGICAL UNIT 2 WITH RECORD IDENTIFICATION NJ.= 2 
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TIME STEP l TIME= l.OOOOOE 02 









***WATFR DEPENDENT SEARCH ITERATION 1 
POISON CONSTANT C= 5.47461E-Ol 
POISON THERMAL CROSS-SECTION 
5 .4 746lf-03 


























K - E F FF C T I VE C Al CU l AT I O"! 
ITERATION MIN. FJGENV. FIGfNVALUF MAX. EIGFNV. POINT. CONV. EIGEN. CONV. 
1 a.707620(-01 






























6. 76CJ715F-0 5 
***WATEP OEPFNOENT SFAR[H ITERATION 2 









POISON THERMAL CROSS-SECTION 
o.o o.n o.o 
0.0 e. t' o." o.c o.o r. o 
ri.c o.n o.n 
n.o n.o o.o 




















TIME STEP 1 
5.47461E-03 
5. '+7461 E-'.)3 
5.47461E-03 
o.o 













n.o () .o 
o.o 
D • 0 

























ITFRATION MIN. EIGENV. 
K-EFFFCTIVf CALCULATION 
EIG[NVALUE MAX. EIGFNV. POINT. CONV. FIGEN. CJNV. EXTR. FACTOR FLUX RESIDUE OOMI~ 
1 9.951838E-Ol l.(i03109f (lf'\ 1.r11)3468E 00 4.128661E-f\3 2.8lH732E-02 o.n 7.6005671: 00 












EIGENVALUE MAX. EIGENV. POINT. CONV. EIGE~. :o~v. 
1.003180E 00 l.003273E 00 5.295128E-04 l.811981E-05 
1.003181E 00 l.003230E CO l.673145E-04 9.536743E-07 
1.003182E 00 l.00321CE 00 7.462593E-05 l.907349E-06 
l.003184E 00 l.003198E 00 2.756876E-05 l.9J7349E-06 









***WATER DEPENOfNT SEARCH ITERATION 3 
POISON CONSTANT C= 6.02062E-02 
POISON THERMAL CROSS-SECTION 
6.02062E-04 
6.02062E-04 



































6.U2062E-04 (' • 0 
o. {) 


















CONVERGENCE ATTAINED IN 
9.999230E-Ol l.000794E on 











2. 384 J 86E-07 


























































































D IF FUS I ON 
COEFFICIENT 
2. 21170E c,a 
1. ll 39BE no 
7.14265E-Cl 
4. 40 5 3 9F - 01 
2. 2177CE 00 




1. 11 398E 00 
7. 14266E-Ol 
4.40552E-01 




2. 21770E 00 









7 .. 14269E-01 





2. 21768E 00 
l. ll 397E 00 
7.14270E-Ol 
4 • .t..C70RE-Ol 











































































































) . :) 
2.52801E-03 
1. o:rn no E-02 















































C .r, (' ,., 
1:s2202E-04 





TIME STEP 1 TIME= 1.000onE ~2 






















































































































































































































2. 21766E N' 
l. l l 396F 00 
7.14276E-01 
4. 4(' 948f-01 
2.21765f 00 




1. 11 3Q6f 00 
7.14279F-Ol 
4.41133E-Ol 
2. 21764F 00 
1. 11 395f 00 
7. 14280E-Ol 
4.4124<lE-Ql 




2. 21 762E 00 




1. 11 394E 00 
7. 142f\4E-Cl 

































4. 562 87E-03 
2.56943E-03 
2. 8 7224E-02 
2.29135E-Ol 














?. • 5?. 801E-03 
l.OOOOOF-02 


































2 .52fW lE-03 





















































































































































































































































































1. ll 394E co 
7. l 4286F.-01 
4. 418 51E-Ol 
1. 95893E 00 
1. 1C03 7F 00 
5. 3C 827F-CH 
3. 94072F-01 
l.95893E 00 
1. 1CC37E ro 
5. 30827E-01 
3. 94G72E-01 
l. 95893[ 00 












1.16 366[ 00 
6. 231 78[-C'l 
4.09889f-Ol 
2. 14254E CO 
1. l 6366f co 
6.23178E-Ol 
4. 09889E -0 l 
2. 14254[ 00 
l.16366E C.C 





















5. 3 73tiOE-{B 
l.41025E-Ol 
7.1531f·F-04 







7. l 5310E-04 
6. 89t'81 E-06 
2.93497E-03 









7. 15:H nE-04 






















































































































c.o {·, n ... 
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CASO CANDLE RICERCA VElENO OIPENOENTE DALL' ACQUA TIME STEP 1 TIME= l.OOOOOE 02 
M'ESH GROUP DIFFUSION ABSORPTION OIL. POISON ROD. POISON WATER '.lEP. ,~EMOV~l NEUTR PROO. ENERG PROO 
INT. COEFFICIENT X-SECTION X-SECTION X-SECTIQN X-SECTION X-SECTION X-SECTION X-SECT!O~ 
30 1 2.14254E 00 7.15310E-04 o.o o.o o.o 7.45060E-C'2 o.o o.o 
30 2 I. 16366E 00 6.89081E-06 o.o o.o o.o 8.24813E-02 o.o o.o 
30 3 6.23178E-CH 2. 934<}7f-03 a.o o.o o.o 7.49403E-02 o.o o.o 
30 4 4. 09889E-Ol 8. 3 3601 E-02 o.o 0 .!' o.o o.o o.o o.o 
31 1 2.14254F. 00 7.15310E-04 o.o o.o o.o 7.45060E-02 o.o o.o 
31 2 1.16366E 00 6.89081E-06 o.o o.o o.o 8.24813E-02 o.o o.o 
31 3 6. 231 78E-Ol 2.93497E-03 o. r o.o 0 .o 7.49403E-02 o.o (). 0 
31 4 4. 09889E-{H 8.33601E-02 o.o :, • 0 o.o o.o o.o o.o 
32 1 ~.14254E 00 7. l 5310E-04 o. 0 o.o o.o 7.45060E-02 o.o o.n 
32 2 l. l6366E 00 6.8<J081E-06 o.o o.o o.o 8.24813E-n2 (i. 0 o.o 
32 3 6. 231 78E-Ol 2.93497F-03 o.o o.o o.o 7.49403E-02 o.o o.o 
32 4 4.09889E-Ol 8.33601E-02 o.o o.o c.o o.o o.o o.o 
33 1 2.14254E 00 7.15310E-04 o. {l :>. 0 n.o 7.45060F-02 o.o o.o 
33 2 l. 16366E 00 6.89081E-06 o.o o.o o.o 8.24813E-02 o.o n..o 
33 3 6. 231 78E-Ol 2.93497E-03 o.o o.o o.o 7.49403E-D2 o.o n.o 
33 4 4.09889E-Ol 8.33601E-02 o. (! o.o o.o o.o o.o o.o 
34 1 2. 14254[ 00 7.15310E-04 o.o o.o o.o 7.45060E-02 o~o o.o 
34 2 l.16366E 00 6.89081E-06 o.o o.o ('.0 8.24813E-02 o.o o.o 
34 3 6. 231 78F-Ol 2.93497E-03 o.o o.o o.o 7.49403E-f'l2 o.o n.o 
34 4 4.09889E-01 8.33601E-D2 o.o o.o o.o o.o c.o o.o 
35 1 2. 14254E QO 7.153IOE-04 o.n o.o o.o 7.45060[-02 o.o o.o 
35 2 l.16366E 00 6.8908lE-:>6 o.o () • 0 (J • :> 8.24813E-02 o.o o.o 
35 3 6.23178E-Ol 2.93497E-03 o.r, o.o o.o 7.49403E-0.2 o.o o.o 
35 4 4.09889E-Ol 8.33601E-02 o.o o.o o.o o.o o.o o.o 
36 1 2.14254E 00 7. l 531C)E-04 a.o o.o o.o 7.45060E-02 o.o o.o 
36 2 l.16366E 00 6.89081E-06 o.o o.o (1.0 8.24813E-02 o.o o.o 
36 3 6.23I78F-Ol 2.93497E-03 o. 0 o.o o.o 7.49403F.-02 o.o o.o 
36 4 4.09889E-01 8.33601E-02 o.o o.o 0 .(} o.o o.o o.o 
37 1 2.14254E 00 7.15310E-04 o.o o.o o.o 7.45060E-02 o.o o.o 
37 2 1.16366E 00 6. 8 90 81 E -06 o. 0 o.o o.o 8.248I3E-02 o.o o.o 
37 3 6. 231 78E-Ol 2.93497E-03 o.o o.o 0 .o 7.49403E-02 o.o o.o 
37 4 4. 09889E-Ol 8.33601E-02 O.'O o.o o.o o·.o o.o o.o 
38 1 2.14254E 00 7.15310E-04 o.o o.o o.o 7.45060E-02 o.o o.o 
38 2 l.16366E 00 6.89081E-06 o.o o.o o.o 8.24813E-02 o.o o.o 
38 3 6.23178E-Ol 2. 93497E -03 o.o o.o o.o 7.49403E-02 o.o o.o 
38 4 4.09889E-Ol 8.33601E-1)2 o.o o.o o.o o.o o.o o.o 
PAGE 62 
CASO CANDLE RICERCA VELENO DIPFNDENTE OALL'ACQUA TIME STEP 1 TIME= l.OOOOOF )2 
POINT DISTANCE PQWFR D[NS. POWER DENS. P. D. AVERAGE POWER DENS. GRQJPl FLUX GROUP2 FLUX GROUP3 FLUX GROUP4 Fl 
LEFT VALUF RIGHT VALUE POINT VALUE PEAK VALUE 
1 c.o c. r, l.33279f 02 l.33279E D2 l.80548f UO 9.82268E 13 l.29497E 14 9.76715E 13 2.08345f 
2 2.80770E 00 l.32932f 02 1.32931[ 02 1.32932E 02 l.80076E 00 9.79681E 13 l.29156E 14 9.74136E 13 2.07804E 
3 5.6154DE 00 l.31889E rz l.31888E 02 l.31888E 02 1.78663F co 9.71939E 13 l.28133F 14 9.66411E 13 2.06l81E 
4 8.42310E 00 l.30158E 02 l.30157E 02 l.30157E 02 l.76318E 00 9.5909UE 13 1.26436E 14 9.53595E 13 2.03487E 
5 l.12308f Cl l.27751F 02 l.27749E 02 l.27750E 02 1.73057f 00 9.41222E 13 l.24077E 14 9.35771F 13 l.99740E 
6 l.40385E 01 l.24683E 02 l.24680E 02 1.24682E 02 l.6890CE CO 9.18451E 13 1.21070F 14 9.13059E 13 1.94965E 
7 1.68462E 01 1.20974[ 02 l.?J07lf 02 1.20972E nz l.&3R76E 00 8.9J92~E 13 1.17436E 14 8.85610E 13 l.89190E 
8 1.96539E 01 l.16648E 02 l.16644E 02 l.16646E 02 l.58015E C0 8.58839E 13 1.13l99E 14 R.53609E 13 l.82454E 
9 2.24616[ 01 l.ll734E ()2 1.1173'..'lF 02 l.11732E r·z l.51358E (i0 8.22396E 13 1.0R388E 14 8.1727lf 13 l.74801E 
10' 2.52693E Cl l.V6264E n2 1.l626JF O? 1.06262E 02 l.43949F 00 7.31R45E 13 1.03J35E 14 7.76842E 13 l.A6281E 
11 2.80770E 01 l.CC275E 02 1.00271E 02 l.00273E 02 l.35835E 00 7.37462[ 13 9.7175RE 13 7.32598E 13 l.56949E 
12 3.08847F 01 ~.38066[ 01 9.380?5E 01 9.3R046E 01 l.27073E 00 6.R~548E 13 9.08514E 13 6.84843E 13 l.46867E 
13 3. 36924F 01 B. 69029f n1 8. 68988f 01 8. 6<K08F O 1 l.17721E (0 6.38435E 13 B.41D52f 13 6.33912F 13 l.36IJ3E 
14 3.65000E Dl 7.96115[ 01 7.96076E 01 7.96096E Cl 1.07843[ L0 5.84477E 13 7.69840E 13 5.R)l66E 13 l.24730E 
15 3.93077f 01 7.1985f'E 01 7.19fll3[ <11 7.l0832E 01 ().75l24E-Ol 5.28C53E 13 6.95377f 13 S.2400lE 13 l.12830E 
16 4.21154E 01 6.40829F 01 6.40795F 01 6.40812F Pl 8.68079F-tl 4.69559E 13 6.18187E 13 4.65863E 13 l.OJ496E 
17 4.49231F en 5.59799E 1)1 5.5976Qf r1 5.59784E 01 7.58314[-Cl 4.'l939DE 13 5.388COF 13 4.06289E 13 8.78498E 
18 4.77308E 01 4.77937F n1 4.77009E 01 4.77923E 01 6.47421E-Ol 3.47900E 13 4.57735E 13 3.46031E 13 7.50925E 
19 5.05385E 01 3.97877F 01 3.97R49E 01 3.97863F Ql 5.38967E-Ol 2.85263E 13 3.75424E 13 2.R6386E 13 6.27128E 
20 5.33462f 01 3.28324E 01 3.28280F 01 3.2A3(2E 01 4.44736[-0l 2.2l004E 13 2.9200RF 13 2.30096E 13 5.24278E 
21 5.61539E 01 3.07615E Ol O.O 3.07615F 01 4.16713[-01 1.52183E 13 2.06513E 13 l.83803E 13 5.21025E 
22 s.7ooo6f c1 n.o o.c o.o r. r, l.27681E 13 l.80079E 13 l.69479E 13 5.88858E 
23 5.78473[ 01 0.(, o. t) (, .n 0. fl l.)6776E 13 l.555Cl3f 13 l.53848E ,13 6.48903E 
24 5.8694C'f 01 o.o o.o c.r o.o 8.88813E 12 l.32704E 13 l.37707f 13 7.31091E 
25 6.c,q4osE r1 o.r 0.0 c.o o.o 5.72333E 12 8.81128E 12 l.Ol358E 13 7.52899E 
26 6.31870( 01 o.o 0.0 o.o o.o 3.68780E 12 5.82207E 12 7.l6365E 12 6.16873E 
27 6.54335E C'l O.C D. 0 c.o o.o 2.37763E 12 3.83223F 12 4.93699E 12 4.60283E 
28 6. 76799E 01 0.0 o.o (i. 0 o.o l.~3375E 12 2.51481E 12 3.34634E 12 3.27104E 
29 6. 99264E en o. o 0. Cl o.o 0.:) 9.89836E 11 l.64623E 12 2.24233E 12 2.25883E 
30 7.21729F 01 0.0 o. 0 0. r. o.o 6.39024E 11 l.07543E 12 1.49024f 12 l.53159F 
31 7.44194f 01 o.o o.o c,.o o., 4.1258JE 11 7.0l215f 11 9.84270E 11 l.02565E 
32 7.66659E 01 o.o o.o o.o o.o 2.66259E 11 4.56257E 11 6.46709E 11 6.80525E 
33 7.8912'4£ 01 o.o o.o o.o {l. 0 l.71545E 11 2.95967F 11 4.22655E 11 4.47914E 
34 8.I1589E 01 o.o o.o o.o 0 .J 1~1J030E 11 l.90903E 11 2.74l89E 11 2.92087E 35 8.34054E 01 G.O o.o c.o o.o 6.97907E 10 l.21639E 11 l.75475E 11 l.87643E 
36 8.56519F 01 o.o o.o (1. 0 o.o 4.30550E 10 7.53082E 10 1.08994E 11 l.l6873E 
37 8.78984E 01 O.O o.o o.o o.o 2.46849E 10 4.32880E 10 6.27939E 10 6.7~597E 38 9.01449E 01 O.O o.o o.o o.o 1.11794E 10 l.96351E 10 2.R5216E 10 3.06745E 
39 9. 239 l3E 01 o.o c.o o.o o.o o.o o.o o.o o.o 
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CASO CANOl E RICERCA VFLENO DIPENDENTE DALL•ACQUA TIME STEP 1 TIME= l.DOOOOE 02 
MESH VOLUMF GRP 3 U238 INTE:GRATEO AVERAGE POWER DENS. AVERAGE NEU GROUPl FLUX GROUP2 FLUX GROUP3 Flt 
NTERVAl ABS. X-SFCT POWER POWER OENS. PEAK VALUE TRO~ smJRCE 
l 2.47657F 01 2.28344E 00 3.29430F t3 l.33~19F 02 1.801°4F co l.02548E 13 9.80327E 13 l.29241E 14 9.74780E l 
2 7.42971F 01 2.28344E or 9.83124E 03 J.32323E 02 l.79252E 00 l.02011E 13 9.75164E 13 l.28559F 14 9.69629E l 
3 1.23829[ 02 2.28344E er 1.62137[ 04 l.30937E 02 l.77374F 0( l.JJg41E 13 9.64R72E 13 1.272GOF 14 9. 59362E 1 
4 l.73360E 02 2.28344F DC 2.?34(,6f 04 l.2P868E 02 1.74572F 00 9.93446E 12 9.40518E 13 l.25172E 14 9.44347E 1 
5 2.22891E 02 2.2R344E CIC 2.Bll35E 04 1.26131F 02 1.70864f CJ 9.72325E 12 9.292D5E 13 l.22490E 14 9.23785E 1 
6 2.72422[ 02 2.2R344E 00 3.34379E C4 l.22743E rz l.66274E 00 9.46182E 12 9.04064E 13 l.19171E 14 8.98711E l 
7 3.2J953E 02 2.28344E 00 3.82243E 04 1.18726E 02 1.60833f CO 0 .I5lq1F 12 8.74267E 13 1.15236E 14 8.68994E l 
8 3.71485f 02 2.28344E 00 4.23R9lf C4 l.141D7E 02 l.54576F 00 B.79556E 12 8.40010E 13 l.10713E 14 8.3483~E l 
9 4.21016F 02 2.28344E 110 4.5R557f 04 l.0Fl9l7E C'2 1.47545[ 00 R.39511£ 12 R.Ol524E 13 l.05633f 14 7.96461 E 1 
10 4.70547E 02 2.28344E r•r 4.85552E 04 l.03189E ~2 l.39785E 0~ 7.95326[ 12 7.59070E )3 1.)J028E 14 7.54138E l 
11 5.2[078( 02 2.28344F 00 s.,4277F 04 q.69618[ n1 1.31350E 00 7.47Z95E 12 7.12934E 13 9.3g384E 13 7.08152E l 
12 5.6961Cf (12 2.28344f no 5.14230E 04 9.02776F 01 1.22295[ OD 6.95743[ 12 6.63436F 13 8. 7405GE 13 6.58824E l 
13 6.l9141E 02 2.28344E nr 5.15015[ 04 8.31823E ,1 1.12683E o, 6.41025E 12 6.10916E 13 8o04733E 13 6.06501E 1 
14 6.68672F 02 2.28344E no 5.06357F 04 7.57257E 01 1.02582£ 00 5.83528F 12 5.55742E 13 7.31918E 13 5.51563E 1 
15 7.1B2G3f 02 2.28344E no 4.RRl20E 04 6.7q640E ~l 9.2)678E-Cl 5.23684E 12 4.98302E 13 6.56116E 13 4.94431E l 
16 7.67735f nz 2.28344E 00 4.603f7f 04 s.n°644E 01 8.12310[-01 4.62{111E 12 4.389R9E 13 5.77853E 13 4.35596E 1 
17 8.17266f 02 2.2R344E 00 4.23534E 04 5.18232£ 01 7.82026E-01 3~99248E 12 3.78179E 13 4.97653E 13 3.75704E 1 
18 8.66797E 02 2.28344E 00 3.70068E 04 4.37321E 01 5.92419F-01 3.36857E 12 3.16134E 13 4.l5991E 13 3.15782~ 1 
19 9.l6328E 02 2.28344E (10 3.32276£ 04 3.6?617F 01 4.9122GE-D1 2.79179E 12 2.52699E 13 3.33152E 13 2.57860E 1 
20 9.65860F [2 2.28344F 00 3.06965( 04 3.17815E 01 4.30529f-Ol 2.44225E 1? l.86152E 13 ?.487l?E 13 2.0665?E l 
21 3.00987f 02 2.2R344E 00 0.0 o.c o. (l a.o l.398R6E 13 l.93247E 13 1.766l4E 1 
22 3.05492E 02 2.28344E 00 O.O o.e o.o o •. J l.1719DE 13 l.67745E 13 l.61635E 1 
23 3.09996E 02 2.28344£ oo n.o o.o O.!) (;. :j 9.77962E 12 l.44062E 13 l.45748E 1 
24 B.44327E 02 2.28344F no o.o o.o o.~ ('.) 7.29087E 12 1.1019QE 13 l.19362E 1 
25 a.76036E 02 2.2R344E no o.o (l. C o.o :, • J 4.69636E 12 7.30315E 12 8.63629E 1 
26 9.07746[ 02 2.28344E OD 0.0 (1. (\ D •:) o.J 3.02699E 12 4.8lR46E 12 6.04059E 1 
27 9.39455f 02 2.2R344E no o.o (,. 0 c.o c.o l.95213E 12 3.l6796E 12 4.13496E 1 
28 9.71165£ f2 2.2P344E OG O.O o. 0 P. '.) (\ . ,._ . .,., 1.25957[ 12 2.07697E 12 2.78983E 1 
29 1.00207E 03 2.2B344E no r.o 0.0 o.o o.ci 8.13043E 11 l.35857F 12 l.8633IE 1 
30 l.0345BE 03 2.28344E 00 O.O o.o c .o (1.;) 5.2't934E 11 8.86888E 11 1.23532E 1 
31 1.06629[ 03 2.2Q344E 00 O.O o.o (j. 0 O.J 3.38875E 11 5.77825E 11 8.14234E 1 
32 l.09800E 03 2.28344E 00 O.D o.o o.o C.) 2.18560E 11 3.75533E 11 5.33873E 1 
33 l.1297lf 03 2.28344E 00 O.O o.o 0. (i o. '.) l.41"572F 11 2.43066E 11 3.47901F 1 
34 l.16142f 03 ?.28344£ 00 o.o f!.O o.o ('. '.) 8.9773C'F 10 l.56035f 11 2.24495E 1 
35 1.19313[ 03 2.28344[ 00 o.o o.r c.o r, ..-, 5.63341E 10 9.83199F 10 l.42013E 1 l# •-J 
36 1.22484F 03 2.28344E no o.e o.o o.o (' . ') 3.38105E 10 5.91945E 10 8.57443E l 
37 1.25655E 03 2.28344F oo n.o O.P o.o o.J l.78896E 10 3.13869E 10 4.55496E 1· 
38 1.28826E 03 2.28344E 00 O.O 'o.o o.o r.~ 5.55529E 09 9.75713F 09 l.41730E 1 
CORE VOLUME= 9.90625E 03 AVERAGE POWER DENSITY= 7.38195E 01 
CASO CANDLE RICERCA VELFNO DIPENOENTE OALL'ACQUA 
Fl UX WEIGHT ED MACR-OSCOPIC CRJSS-,.SECTIJ.~S 
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TIME STEP TIMF= l.OOOOOE 02 
RP REG DIFFUSION TRMJS PORT ABSORPTION Oil. Pnrs. ROD. POIS. WATER OE:>. R EMOV4l NEUTR PROD ENERG PROD TRANSVEJ 
COE FF IC IFNT X-SEC TI ON X-SC: TION X-SECTION X-SECTION X-SECT lJl.4 X-SECTlON X-SECTION X-SEC T.1 ON BUCKLPI 
1 l 2.2177£ 00 1.5031£-01 4.5626F-03 O.O o. 0 c.o 6.9611E-02 8.5905F-03 9.6140E-14 6.6970E· 
1 2 1.9589E OC l.7016f-Ol 6.1336E-04 L.O (\. J o.c 6. 7845E-02 •1. D ').) b.6970E· 
1 3 2.1425E OC l.5558E-Ol 7.1531E-04 O.O o.o 0. (J 7. 4 5 06 E - 0 2 Ci • (! o.n 6. 6970E· 
2 1 l.ll40E 00 2.9923E-01 Z.5688f-O.: o.o o.o 0.0 6.7705E-,.02 1.2685E-C3 l.6540E-14 6.697DE· 
2 2 l.li'104E eO 3.0293E-il 4.8852E-06 :>.O o.o :J .-0 5.9969!::-02 o.o o.o 6. 6970E"' 
2 3 l.1637E 00 2.8645E-01 fi. 8908E-Oo O.O c.o o.o 8.2481E-02 O.O o.r 6. 6970E·· 
3 1 7.1427E-Ol 4.6667E-f'l ?.873lF-02 2.528PE-03 2.5280E-03 l.522f,E-J4 5.4385E.,-Q2 l.8214E-02 2.3953E-13 6.697:JE· 
3 2 5.3083E-Cl 6.2795E-Ol 5.3730E-J3 D.3 u.o J.D 5.I309E~02 o.r :,~o 6.697JE· 
3 3 6.231sE-01 5.3489E-Ol 2.9350E-03 o.t r.o r.o 7.494DE-oz rt.o o.u 6.6970E· 
4 1 4.4098E-Ol 7.5589F-Ol 2.3150F-0] 1.oran[-02 l.D000E-02 6.0206f-J4 O.G 3.5905E-0I 4.7161E-12 6.6970E· 
4 2 3.9407F-01 8.4587E-Ol l.4103E-Ol O.O O.O O.O 0.0 fl. 0 O.'J 6. 6970F.· 
4 '3 4.0989E-Ol 8.1323E-Ol 8.3360£-02 0.0 o.o :) • 0 o.o o.o O.J 6.6970E· 
FLUX WEIGHTED MACROSCOPIC cRQSS-SECTI3NS 
RP REG DIFFUSION TRANSPORT ABSORPTION OIL •. POIS. ROD. POIS. WATER DEP. REMOVAL NEUTR PPOD ENERG PROD TRANSVE~ COEFFICIENT X-SfCTION X-SECTION X-SECTTON X-SECTION X-SECTIJ~ X-SFCTION X-SECTION X-SECTION BUCKLt, 
1 T.R. 2.2177f co l.5D31[-0l 4.5626F-D3 o.o r.a 0.0 6.9611E-02 A.5905F-03 9.614DE-14 6.6970E~ 
2 T.R. l.1140F 0(1 z.g923E-Ol 2.5688E-03 0.0 O.O 0.0 6.7705E-02 l.2685E-C3 1.6540E-14 6.6~70E 
3 T.R. 7.1427F-01 4.6667E-Jl 2.8731E-02 2.5280E-03 2.5280E-03 J.522DE-J4 5.4385E-02 l.8214f-02 2.3953F-13 6.6973E 
4 T.R. 4.4098E-Ol 7.55R9F-Oi 2.3150E-01 l.OOOOF-02 l.OOOOE-n~ ~.0206E-04 O.O 3.59U5E-Ol 4.7161E-12 6.6970E 
REGION INTEGRALS 
RP REG. VOLUME INTEGRATED AVn.AGE ABSORPTION OIL. POTS. ROD. POIS. WATER OEP. TRANSVERSE RE.,.OVAL NEUTRDr 
FLUX FLJX P.ATF ABS. RATE ABS. PATE ABS. RATE l EAKAGE RATE PROD. RJ 
1 l 9.9063E 03 5.3103E 17 5.3605E 13 2.4229E 15 n.o ('• .o o.o 7.8866E 14 3.6965E 16 4.2351E 
1 2 9.1648E 02 1.0822E 16 1.18J8E 13 6.6379E 12 r.o J.O o.o l.4197E 13 7.3423E 14 o.o 
1 3 1.5994E 04 1.8436£ 16 l.l527F 12 1.3188£ 13 O.O o.o 0 .o 2.6453E 13 l.3736E 15 O.O 
CASO CANDLE RICERCA VflENO DIPENDENTE DALL'ACQUA 
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TIME STEP 1 TIME= l.OOOOOE 02 
REGION INTEGRALS 
RP ? EG. VOLUME INTEGRATE 0 AVERAGE ABSORPTJON DIL. POTS. ROD. POIS. WATER DEP. TRANSVERSE REMOVAL NEUTROI'' FLUX FLUX RATE ABS. RATE ABS. RATE ABS. RATE LEAKAGE RATE PROD. RI 
2 l 9.9063E 03 6.9991E 17 7.0654E 13 l.7979E 15 O.O C'. 0 c.o 5.2215E 14 4.7387F 16 l.3997E 2 2 9.1648F 02 1.54L7E 16 l.6811E 13 7.5?65E 10 n.a :: .o '.). 0 l.1354F 13 9.2392E 14 o.o 2 3 1.599.,+F 04 2.9076f 16 l.8179f 12 ?..0035F 11 (1.0 (•.o Cl. 0 2.2659E 13 2.3982F 15 o.o 
3 1 9.9f63F f3 5.3035F 17 5.3537[ 13 1.523BE 16 l.3407f 15 1.3407E 15 8.0720f 13 ?.5369E 14 2.8843E 16 O.O 3 2 9.l648E U2 1.4772E 16 l.6I18f 13 7.9369E 13 r.o C,. 0 o.o 5. 2513£ 12 7. 5793E 14 O.O 3 3 1.5994F ('4 3.53?6F 16 2.2086f 12 l.0368F 14 O.G :i. 0 ,.. h l.4743E 13 2.6473E 15 O.O ,,..,, . ,.· 
4- 1 9. g C 6 3 F C 3 1 • 148 4F 17 1.1593[ 13 2.6587F 16 1.1484E 15 l.1484E 15 6.9143E 13 3.3916E 13 0.1 n.o 4 2 9.l648F 02 5.70llE 15 6.2207f 12 B.03q9F 14 G.O o.o o .. n l.5P46F 12 0.:) o.o 4 3 l.5994F 04 2.q334[ 16 1.8340[ 12 2.4453E 15 0.G (\. (; o.o 8.0522E 12 Q.G 0.:) 
CASO CANDLE RICERCA VELENO OIPENOENTE DALL'ACQUA 
f-LUX WEIGHTED MACROSCOPIC CROSS-SECTIONS {POISONED SIDE ( 1, 2ll=REGION 1 
UNPnISONEO SIDE ( 21, 21l=REGI0N 2) 
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TIME STEP l TIME= l.OOOOOE 02 
tP REG DIFFUSION TRANSPORT ABSORPTION OIL. POIS. ROD. POIS. WATFR OEP. REMJVAL NfUTR PR0D ENERG PROO TRANSVER 





1 2.2177E 00 l.5D31E-0l 4.5626[-03 0.0 
2 o.u o.o 0.0 o.o 
l l.1140E C( 2.9923E-('l ?.56R8E-03 O.O 
2 o.c 0.0 r.r r.o 
o.o 
c.o 






6.9611E-02 8.5905F-03 9.6140E-14 6.6970E-
O.O r.o o.o o.o 
6.7705E-02 1.2685E-03 1.654DF-14 6.697~E-
J.O 0.0 o.n o.o 
\ 1 7.1427E-Ol 4.6667£-01 2.8731[-02 2.5?80E-03 2.5280F-03 l.522CE-J4 5.4385E-OZ 1.8214E-02 2.3953F-13 6.6970E-
3 ? n.o o.o o.o c.o r.o o.o o.o o.o o.u a.c 
t 
t 
1 4.4P98E-r1 7.55A9E-Ol 2.31snr-m 1.onoor-02 1.Jonnf-(12 6.02C6E-D4 o.o 
2 o.r, o.r c.o r.o c.o 0.0 J.D 
RflDDEO PO ISOM REG I OM INTEGRA_ S (POISONED SIDf: { 1, 2l)=RFGION l 
UNPnISONfD SIDE { 21, 2l)=REGI0'4 2) 
3.5905F-Ol 4.716IE-12 6.6970E-
O.O a.J a.a 
lP ~n;. VOLUMf I NTFGRA TF 0 AVEPAGE ARSDRPTION OIL. POIS. ROD. POIS. WATER DEP. TRANSVERSE RfMOVAL NElHRflf\' 
LEAKAGE RATE PROO. RA FLUX FLUX RATE ARS. RATE ABS. RATE ABS. RATE 
L l 9.9063F: 03 S.31C3F 17 5.36(:5[ 13 2.4220E 15 C.C, o.o o.o 7.8866E 14 3.6965F 16 4.2351E 
l 2 o.c n.o c.o o.o c.J o.o o.o ri. 0 o.o J.O 
1 9.9U63F C3 6.9991F 17 7.0654E 13 l.7979E 15 t.O o.o Cl. 0 5.2215E 14 4.7387E 16 l.3997E 
2 o.r o.n r.o o.o n. D 0.0 o.o (l. 0 o.n o.o 
1 9.9063F 03 5.3035[ 17 5.3537F 13 1.5238f 16 l.3407E 15 l.3407F 15 8.0720E 13 2.5369E 14 2.8843E 16 O.O 
2 o.o n.o o. (1 0.0 o.o 3.0 o.o r n 0.:) :) • 0 •.• V 
~ 1 9.9063E (13 l.1484E 17 J.1593E 13 2.6587E 16 l.1484E 15 l.l484F 15 6.9143E 13 3.3916E 13 o.n o.o 
t 2 o.o o.o o. 0 c.o r.:; o.o o.o o.o o.n n.o 
• 
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CASO CANOLE RICFRCA VELENO OIPENDENTE OALL'ACQUA TIME STEP 1 TIME= 1.00000E 02 
i' REG. VOLUME INTEGRATED AVERAGE ABSORPTION OIL. POIS. ROD. POIS. WATER OEP. TRANSVERSE REMOVAL NEUTRON 
FLUX FLUX RATE ABS. RATE ,as. RATE ABS. RATE LEAKAGE Q.ATE PRO;). RA' 
T.R. 2.6817E 04 5.6028E 17 2.0893E 13 2.4427E 15 O.O o.o o.o 8.2931E 14 3.9073E 16 4.2351E 
T.R. 2.6817E 04 7.4440E 17 2.7758E 13 l.7982E 15 O.O o.o o.o 5.5616E 14 5.0710E 16 l.3997E 
T.R. 2.6817E 04 5.8045E 17 2.1645E 13 l.5421E 16 l.3407E 15 l.3407E 15 8.0720E 13 2.7369E 14 3.2248E 16 O.O 






VOLUME LEFT LEAK. 
681 71E 04 O. 0 
NEUTRON BALANCE GROUP BY GROJP 
LEFT LEAKAGE RIGHT l EAKAGE TOTAL LEAKAGE TOTAL LOSSES TOTAL PROO. 
o. 0 6.ll4211E 12 6.ll4211E 12 4.235103E 16 4.235103E 16 
O. C 5.832f90E 12 5.832490E 12 5.306975E 16 5.306972E 16 {'. 0 4.537 !OE 12 4.537110E 12 5.070962E 16 5.0?0957E 16 
o. C, 3.209508E 12 3.209508E 12 3.224848E 16 3.224850E 16 
REACTOR NEUTRON BALANCE 
RIGHT LEAK. TOTAL LEAK. ABSOR. RATE TRANSV LEAK TOT. LOSSES TOTAL PROD. TOTAL POWER TOTAL Flt 
l.q6933E 13 l.96933E 13 5.63282E 16 l.70263E 15 5.63479E 16 5.63478E 16 7.31275E 05 2.0350,E 
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CASO CANOL E RICERCA VELENO JIPENDENTE DALL'ACQUA TIME STEP 2 TIME= 2.00000E 03 
MESH VOLUME ENTHALPY ENTHALPY INTEGRATED ENTHALPY ENTHALPY WATER DENS. WATEij 
l~TERVAL LEFT VALUF RIGHT VALUE E'NTHALPY AVER. VALUE STEP AVER. VALUE PEAK 
I 
1 2.47657F 01 l.OOOOOE 00 4.56265£ 01 8. 53671E 02 3.44699E (H 3. 34699E 01 3.01512E-02 1.00: 
2 7.42971E 01 4. 56265E 01 l.78806E 02 9.16191E C3 1.23314E 02 8. RA446E 01 3.0l512E-02 1.00, 
3 l.23829F 02 1. 78806E 02 3.98446E 02 3.71:>00E 04 2.~96J7E 02 l.76293E 02 3.0l512E-:>2 1.001 
4 l.73360E 02 3.98446E 02 7.0l083F 02 9. 71808E 04 5.60573E 02 2. 60965E 02 3.01512E-02 1.001 
5 2.22891F 02 7.0l083E 02 l.08192E 03 2.01066E 05 9.)2083E 02 3. 41510E 02 3. :>1512E-:>2 1. 00( 
6 2.72422E 02 l.08192E 03 l.53489E 03 3.59244E 05 l.31870E 03 4.16620E 02 3. Ol 512E-02 1. 00( 
7 3.21953E 02 1. 53489E 03 2.0S27DE 03 s.B0724E es l.80375E 03 4. 85050E 02 3. Ol 512E-'.l2 1.00~ 8 3.71485E 02 2.05270E 03 2.62693F 03 8.72760E 05 2.34938E 03 5.45631E 02 3.0l512E-02 1.00 9 4.21016[ 02 2 .62693[ 03 3.24811 F 03 l.74059E 06 2.94665E 03 5.97268E 02 3.01512E-02 1. oor 
10 4.7('547f 02 3. 24811F 03 3.9n587E 03 l.68721E 06 3.58565E 03 6.38994E 02 3.01512E-02 1.001 
11 5. ?0078E 02 3. 9C587E 03 4.58899E J3 2.21322E 06 4.25556E 03 6.69914E 02 3.0l512E-rl2 1. 00( 
12 5.69610E 02 4. 58899[ 03 5.28559F. 03 2.81664E 06 4.94486E 03 6.89301E 02 3.0t512E-02 1. 00{ 
13 6.l9141E 02 5. 28559E 03 5.98326£ (;3 3.49282E 06 5. 5414C:E 03 6. 96539E 02 3.0l512E-02 1.00{ 
14 6. 6 86 7 2 E O?. 5. 98326E 03 6.66920E 03 4.23441E 06 6.33257E 03 6.91176E 02 3.0l512E-02 1. 00{ 
15 7.18203F 02 6.66920E 03 7.33043F 03 5.03138( C6 7.::>0551E 03 6.72934E 02 3.01512E-02 1. O:H 
16 7.67735E 02 7. 33043[ 03 7.95406F 03 5.871C'8E 06 7. 6 '• 7 2 7 E O 3 6. 41 766E 02 3. 01512F--02 1.ool 17 8. 1 7266F. 02 7.95406E 03 8.52780E 03 6.73858E 06 8.24527E 03 5.9ROOOE 02 3. Ol 512E-02 .00 
18 8.66797f 02 8.52780£ 03 9.04131E 03 7.61760E 06 8.78R21E 03 5.42941E 02 3.0l512E-02 1.:>J 
19 9.l6328E 02 l.80816E r:,4 l.89819E 04 l.69867E 07 l.85378E 04 9. 74959f 03 3.0l512E-02 1.00· 
20 9.65860f 02 l.89819E 04 1.98135[ 04 1.87406[ 07 1. 9403'.) E C4 8.65191£ 02 3.0l512E-02 1.00 
21 3.00987E 02 C'. 0 o.o o.o o.:> -1. 94030E fl4 o.o o.o 
22 3.{15492f 02 o.o o.o o.o c.o o.o c. 0. o.o 
23 3.0<J996E 02 (l .o o.o o.n ).) 0. 0 0. n o.c 
24 8.44327[ 02 o.o o.o 0 .o o.o n.o o.o o.o 
25 8. 76036F 02 o.o (:,. 0 o.o 0.3 (.I. 0 o. 0 ,., 
26 9.07746E 02 o.o o.o o.o o., o.o o. 0 o.o 
21 9. 39455[ 02 o.o o.o o.o o.J o. 0 c. 0 o.c 
28 9. 71165F 02 r,. 0 o.o :i • :) (i.) o.o o.o o.o 
29 l.00287E 03 o.o o.o o.o 0.0 n.o o.o 1'). 0 
3fl 1. 03458E f13 o.o o.o o.o e.o o.o o. 0 o.o 
31 l.06629E 03 r.o o.o o.o 0.) C'. 0 o.o o.o 
32 1. 09800F 03 o.o o.o c~. o o.o o. (I o. 0 o.o 
33 1. 12971 E 03 o.o o.o 0 • (l o.::i o.o o.a o.o 
34 1. 16142[ 03 o.o o.o o.o o.o n. D o.o o.o 
35 1.19313( 03 n.o r.o o.o r. ~ o.o o.o o.o 
36 1. 22484E 03 o.n o. 0 o.o (1. '.) o.o o.o o. 0 
37 1. 25655E 03 o.o o.o o.o P.J o.o o.o o.n 
38 1.28826[ 03 o.o o.o o.n 0.) o.o o.o o.o 
EXIT ENTHALPY= l.98135E 04 WATER VOlU1"E= 9.9(625E 03 REACTOR AVERAGE WATER DENSITY= 3.01512E-02 
~ 
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CASO CANDLE RICERCA VELENO DIPENDENTE OALL•ACOUA TIME STEP 2 TIME= 2.00000E 03 
MESH 
GROUP INTERVAL BUCKl t NG 
1 1- 7 4. 69700E-04 4.69700f-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 
1 8- 14 4.6970CE-:>4 4.69700E-04 4.69700E-04 4.69700E-:)4 4.69700E-04 4.69700E-04 4.69700E-04 
1 15- 21 4.69700E-04 4.697COE-04 4.69700E-04 4.69700E-:)4 4.69700E-04 4.69700E~04 4.69700E-04 
1 22- 28 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 
1 29- 35 4. 6<HQOE-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4. 69700E-04 
1 36- 38 4.69700F-D4 4.69700E-04 4.69700F-04 
2 1- 7 4.6970CE-34 4.69700E-04 4.69700E-04 4.69700E-:l4- 4.69700E-04 4.69700E-04 4.6q1ooe~o4 
2 8- 14 4.69700F-04 4.6<J700F-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 4.69700E-04 
2 15- 21 4.697COE-04 4.697(10[-04 4.69700E-04 4.69700E-J4 4.69700E-04 4.69700E-04 4.69700E-04 
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